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The major objectives of this study were:
1. to test the hypothesis that workers tend to minimize their
journey to work by examination of four plants in the Boston
Metropolitan Area which have moved from the Central City to
a suburban community.
2. to contribute to the development of an improved methodology
in examining the problem of the influence of accessibility
on the residential pattern.
3. to attempt to derive a quantitative expression of the plan-
ning implications involved in the relocation of industry with
regard to the movement of industrial employees.
The principal finding was that there exist operational inadequaces in
the basic hypothesis in that other forces tend to distort or even thwart
the minimization process. Even with the limitations inherent in a case
study, certain frictions were quite pronounced. These could be partially
explained by variations, in ability to move and in inclination to move ac-
cording to socio-economic characteristics and in the pressures for better
housing according to family size. This friction brings about the result
of a greater flexibility in the journey to work movement on the part of
workers living in areas close to the central core.
A small percentage of workers did move their residences when their
jobs were transferred to the suburbs, and a tendency toward lessening com-
muting effort was detected. However, a much larger degree of dispersal in-
dicated that these workers also have much greater flexibility in the work trip.
Socio-economic status did not appear to greatly influence the length
of the work trip. However, a notable exception to this was the increase of
journey with an increase of income. Young single-person families exhibited
significantly less commuting effort than other workers, and secondary work-
ers generally indicated a lack of job stability in the face of a shift in
work place.
The technique involved in the study proved valuable primarily in estab-
lishing the measurement of commuting effort on a comparable basis for all
workers. Measured in terms of time and cost, variations in mode of trans-
port, efficiency of facilities, topography, and congestion were accounted
for.
The principal planning problems evolved about the reverse flow of traf-
fic from city to suburb due to the majority of workers remaining in close-
in sites. For this same reason, there was very little absorption of popu-
lation in the suburban community due to the presence of the new factory.
It was concluded that this was the result of the frictions mentioned above
and the lack of comparable housing in the suburban community.
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1PART I
PROBLEMS ARISING FROM INDUSTRIAL
SUBURBANIZATION
CHAPTER I
INTROIUCTION AND OBJECTIVES
In theory,, urban residential growth is highly contingent on,
accessibility. The measure of value, utility,.or.desirability of a
residential site depends not only on properties peculiar to the site
itself but also, to a significant degree, on the ability of the occu-
pant of the site to transport himself to the location of necessary
daily activities. In this regard, certainly one of the more impor-
tant transportation problems of the individual is the "journey to
work". Its accomplishment is an economic necessity of life.
Theoretical expressions of urban growth and structure repeated-
ly emphasize the role of transportation, the competition for land,
and the increase in the delineation and separation of the uses of
land. Most accessible sites, historically, have gone to the highest
bidders who, for the most part, are producers or distributors of
economic goods and services while the less "productive" land users
have been pushed to the peripheral areas - most noticeably homes.
Environmental factors have had a pronounced influence quite apart
from economic considerations. As competition for the most valuable
sites increased, so did congestion, noise, smoke, and hazard. Thus,
nuisance factors and a search for greater environmental amenities
contributed to increasing the separation between home and work.
Recent years have seen an additional phenomenon occurring.
Industries, due to many of the same environmental and space defi-
ciencies of central areas, have also been locating in peripheral
areas. This necessitates either an adjustment in commuting patterns
or a permanent change involving important implications in planning
for future facilities in both the central city and the suburban com-
munity.
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Objectives
The objectives aimed for in this thesis are three-fold:
1) to attempt to evaluate certain ttworking" hypotheses concerning
the journey to work relative to observable changes induced by sub-
urbanization of the factory; 2) to contribute to the development
of an improved methodology in examining commuting phenomena; and
3) to attempt to give some quantitative expression to the planning
implications of this shift in the place of work.
The first objective is based on the hope that observation of
the changes induced by a shift in location of the place of work
will lend either support or better evaluation to the theoretical
framework encompassing the journey to work phenomenon. Much of
this conceptual framework is constructed about the basic hypothesis
of Carroll who adopts the "least-effort" principle of Zipf2 and
asserts that: "forces are constantly at work tending to minimize
home - work separation." The design of this investigation is-
aimed at deducing the implications of this hypothesis in the light
of a shift in the independent variable - the place of work - and
then at examining, as a test, empirical data derived from ease
studies of four plants in the Boston Metropolitan Area which have
moved from a central location to a peripheral location in recent
years.
The second objective arises from the heavy emphasis on purely
statistical analysis in current journey-to-work literature which
makes a spatial "feel" for the problem of less importance than the
"significance" of the interactions between the numbers used as-
measuring indices. Random hypotheses with obscure theoretical re-
levance plus partially adequate representations of the variables
Carroll, J. Douglas, Jr., "Home-Work Relationship of Industrial
Employees," unpublished doctoral dissertation, Harvard Univer-
2 sity, 1950.
Zipf, George K., Human Behavior and the Principle of Least Effort,
Addison.Wesley Press, 1949
Carroll, J. Douglas, Jr., "The Relation of Homes to Work Places- and
the Spatial Pattern of Cities,"'Social Forees, (30) 1952, page 278
in question gain little in either understanding or refinement of re-
sults by undue or intensive statistical manipulation. It is hoped
that examining the data from a more graphical approach will yield
insights into the spatial qualities of what is fundamentally a prob-
lem of location.
The third objective is immediately practical in its aim.
Simply stated, it is desired to determine, when a factory movesz from
the central city to a peripheral community, what demands are imposed
on that community. Such questions arise as to how many of the fac-
tory's employees will remain with the firm and, of these, how many
will actually move to the immediate locale? How much new trafficm
will be induced and will a significantly different pattern result?
From the industrialist's viewpoint, what are the practical limits
of commuting to this new location and how does it compare with the
central city location?
General Findings
The general findings in regard to the first objective indicate
that, while a certain degree of minimization of commuting effort
occurred, it was of less significance than the theory would lead one
to expect. The existence and predominant influence of other forcesi
is apparent in that the great majority of workers maintained the
same residence as when the place of work was in the central city.
The few that did move followed the expected pattern somewhat, but
were much more widely dispersed than they formerly had been. Thus-
a general increase of flexibility of commuting effort was evident.
The technique involved in the study proved effective primarily
in establishing the measurement of commuting effort on a comparable
basis for all workers. Its applicability is limited, in that it was-
designed entirely within the least-effort principle.
The practical questions posed resulted in findings indicating
a relatively low rate of population movement into the suburb where
the plant locates and the surrounding area. This seeming reluctance
- 33 -
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to move also induces an outflow of traffic from the central area
to the suburb in opposition to the normal flow. Since the auto-
mobile is almost the exclusive mode of travel to the suburban
plant, most of the transportation to these plants is diverted
from public transit serving the central area.
The thesis as a whole proved to have a number of deficiencies
in its design of technique. Basic difficulties in data collection
and measurement of many variables directed the analysis toward
coarse, broad conclusions and, thus, the study was forced to leave
unstated explicit functions operating within the framework. How-
ever, even in this light, certain inadequacies of the basic hypo-
thesis became clear. Along with this was the apparent operation of
other forces which suggested possible future research aimed at es-
tablishing the limits of a range in which all journeys are considered
rather than relying on the least-effort principle applying solely
to journey to work as a fundamental causal factor.
CHAPTER II
THE IMPLICATIONS OF PLANT RELOCATION
The Basic Framework
The major conceptual formulation of the effect of journey to
work on residential patterns has been set forth by Carroll: wonkers
tend to minimize their journey to work. Carroll envisions the em-
ployment center as the pole about which all employees distribute
themselves in such a manner that each is able to get between home
and work with the least possible effort. He further reasons that
the larger the employment center the keener the competition for
close-in sites, such that more and more workers are forced to travel
longer and longer distances. le asserts that this follows whether
the employment center is a single factory or an entire central busi-
ness district. Thus as cities (or factories) become larger, journeys
to work become greater.
This theoretical statement was formulated after examination of
a considerable amount of data from a survey of Massachusetts indus-
trial workers and from surveys of traffic in a number of major
cities. Figure 1 reproduces a typical distribution of residences by
mile zones from the employment center of the total population, cent-
ral business district employees, and "off-center" industrial employees.
From these distributions Carroll postulates his thesis including the
effects of varying size of employment center.
Thus the employment center is, in effect, the independent vari-
able in Carroll's framework. Changes in the employment center, he
would claim, logically induce changes in the journey to work effort
and, consequently, in the residential pattern. However, changes, in
the size of the employment center are not the only variations of the
independent variable. If Carroll's hypothesis is true, a change in
FIGURE 1: TYPICAL DISTRIBUTION OF EMPLOYEES' RESIDENCES BY MILE ZONES
FROM THE EMPLOYMENT CENTER FOR CENTRAL AREA EMPLOYEES AND
OFF-CENTER INDUSTRIAL EMPLOYEES.
40%
30
20
1-2
Mile Zones
2-3 3-4 4-5
from Employment Center
Compiled From: Average Figures for Six Cities Given in -
Carroll, J. Douglas, Jr., "Home-Work Relationships of Industrial
Employees," unpublished doctoral dissertation, Harvard University,
1950, pages 11-12.
Total Population
------- Central Area Employees
Off-Center Industrial Employees
10
0-1 over 5
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the location of the employment center should also bring about sig-
nificant changes in the overall distribution.
Implications of the Suburban Shift
Dispersal of industrial plants from central areas to peripheral
areas yields an opportunity for study since the independent variable
is really changing in two ways. It represents a small portion of
the large central area employment center radically changing its size-
relative to the individual worker as well as its location. This
would theoretically enable the workers of the suburbanized plant to
redistribute themselves about a new and smaller place of work where
there is far less competition for home sites.
A worker would, therefore, be faced with three separate and dis-
tinct phases in relation to his commuting problem. Phase I would de-
pict the location of his original home site relative to the original
plant site. Phase II is the result of the plant moving and the com-
muting problem for the worker becomes the effort to get from his
original home site to the new plant. Phase III in the process is-
the final distribution resulting after the worker moves to a new home
site.
In the light of Carroll's hypothesis, each phase should yield
predictable distributions unique within itself. Thus, in the first
phase, a distribution such as shown in figure 1 for central business
district employees should be found. In Phase II, immediately after
the plant has moved and before any worker has moved, roughly the
same distributiohaishould occur but, relative to the plant, it would
be shifted in space to the extent that forces tending to minimize
the journey to work are set in motion. Phase III is the final dis-
tribution resulting from the minimization forces. If Carroll is
correct, then due to the least-effort principle and the absence of
competition for close-in sites, the resulting distribution should
correspond to the distribution for "off-center" industrial employee-s
shown in figure 1. Figure 2 illustrates the expected distribution
functions for each phase.
FIGURE 2: THE THREE PHASES OF COMMUTING POSITION WHEN A PLANT SUBURBANIZES
PHASE I Original Position
PHASE II Factory Moved to Suburbs
No Workers' Residences
Changed
PHASE I
PHASE III
PHASE III New Final Position
All Workers' Residences
Moved for Commuting to
New Factory Site
(PHASE II.i
*1
N
WORK
PLA CE Time, Cost, or Miles from
Employment Center
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It should be noted that any empirical study may differ from the
distributions shown in Figure 2 for two reasons. First, the final
result of Phase III may be more nearly like Phase I due to suburban
zoning restrictions requiring much lower densities of development.
Second, if the relocation of the plant is a fairly recent occurrence,
the results will likely fall somewhere between Phase II and Phase III
due to a time lag in workers moving their residence. However, if
this were greatly influential, it would indicate the workings of
forces which are dominant over the forces tending to minimize journey
to work. Thus within a reasonable period of time, it would be ex-r
pected that workers would be well along toward the distribution of
Phase III.
Additions to the Framework
Other hypotheses have been suggested - either in criticism of
Carroll's statement or supplementary to it. Liepmann noted observa-
tion of the suburbanization effect in England somewhat contradictory
to the implications outlined above:(and previous to Carroll);
"During the 1920's and 1930's quite a number of firms
have seen fit to move their works from the center to the
fringe of large towns, or even beyond, where production
and working conditions seemed superior.
"There is ample statistical evidence that in works
transferred to their present site as long as five or more
years ago, the residential distribution of the employees
still largely reflects the former location of the factary
and entails daily journeys for the workers concerned."
Thus, the English experience indicates a possible tenacious -in-
fluence in Phase II.
There apparently is considerable feeling that the principle of
least-effort does not apply uniformly to all segments of the urban
4Liepmann, Kate K., The Journey to Work, Oxford University Press,
1944, page 16
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population in regard to journey to work. It is reasoned that while
the basic minimization motive still persists, the blighting influ-
ence of the work place on close-in residential areas also contributes
to increasing home-work separation. Thus ability to pay, or income,
is believed to have an influence to the effect that journeys to work
increase as income increases. Along with this, social position is
also considered to be a determinant in the light of the work of
Hoyt, 5Firey, and others. Thus we find Beverly Duncan, using data
from an Occupational Mobility Survey carried out in Chicago in 1951,
testing the hypothesis that the journey to work varies directly with
socio-economic levels of the working force. While this study found
8fairly compatible significance levels, a study of Reeder, using
four separate indices of socio-economic characteristics, found little
significance in social status with respect to cost and time expendi-
tures for the journey or with respect to mode of travel. His data
tended to indicate a greater general flexibility in the total jour-
ney to work phenomenon than did Carroll's.
Other characteristics of the working force have been put forth
as variants in the structure. Liepmann suggests that secondary
workers travel further to work than primary workers.9' It might also
be argued that younger workers travel further since older workers
would be more likely to reside in older, established, close-in
residential areas. Educational background, if data were available,
would also provide further refinement to the measurement of socio-
economic level. Of course none of these variations would necessarily
5'hoyt, Homer, The Structure and Growth of Residential Neighborhoods
in American Cities, Federal Housing Administration, Washington,
6 D.C., 1939, page 117
G1irey, Walter, Land Use in Central Boston, Harvard University Press,
7' Cambridge, 1947, chapter 1
,Duncan, Beverly, "Factors in Work-Residence Separation," American
8 Sociological Review, (21) February 1956
Reeder, Leo G., "Social Differentials in Mode of Travel, Time and
Cost in the Journey to Work," American Sociological Review, (211)
9 February 1956
Liepmann, K., op. cit., page 20
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invalidate the minimization theory. This basic motivation could
still persist even though tempered by the tastes, desires, and abili-
ties to pay of the different segments of the working population.
These varients, in fact, may well serve as explanation of the outer
reaches of Carroll's distributions.
Critical Observations
Carroll's hypothesis has been subject also to some fairly criti-
cal examination. Ranyak 1 makes the claim that while the least-
effort theory may be a necessary condition it is not a sufficient one.
He further adds that "people tend to minimize their journey to work,
maximize their employment benefits, and maximize their residential
amenities." 1 While this contribution is a far broader statement of
the theory (and a better justification for including examination of
socio-economic variants) he was unable to devise a sufficient test
which could validate the hypothesis with any qatisfaction.
Schnore is one of thosge. who has attempted a really penetrat-
ing criticism of the least-effort principle when he states-:
"It might be argued, however, that should an
individual have at his disposal time and money
in quantities sufficient to relieve him, to
some extent, from the ordinary restrictions
imposed by transport costs, he might locate
his residence almost anywhere, and for any
of a variety of motives. The latter might in-
clude, in fact, a desire to maximize the dis-
tance between home and work. The least-effort
hypothesis appears to confuse motit ion with
its external limiting conditions."
Schnore further takes Carroll to task for postulating a fundamental
causal factor, uniform throughout the entire population, when this
10Ranyak, John, "A Theoretical Approach to the Journey to Work," un-
published bachelor's thesis, Massachusetts Institute of Techno-
11 logy, 1952
1 Ibid., page 121 Schnore, Leo F., "The Separation of Home and Work: A Problem for
18, luman Ecology,"' Social Forces, (32) May 19541Ibid., page 337
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factor explains merely the concentration of residences but "fails
to account for the equally obvious scatter away from those (work)
14
.sites." In short the basic limiting conditions are that the jour-
ney to work for any worker must occur within an area whose boundaries
are determined by effort restrictions but any distribution of
workers might occur in that area since minimization of the journey
to work is not the sole motivation in choosing a residential site.
Schnore's alternative approach is equally vulnerable to criti-
cism. His hypothesis states: "the maximum distance from signifi-
cant centers of activity at which a unit tends to locate is fixed
at that point beyond which further savings in rent are insufficient
to cover the added costs of transportation to these dhnters." 15
This assumes a rent function decreasing with distance from the em-
ployment center even in the face of Hoyt's basic findings that high
rent areas move toward the periphery leaving in their wake areas of
16;low rent. In short, to be of value, this hypothesis would also
have to make some statement pertaining to-. housing quality and the
restrictions of income.
Additional Expectations
Thus, the basic hypothesis is subject to question and any em-
pirical test must either result in greater validity for the least-
effort principle, as it applies to commuting, or show the influence
of the alternative hypotheses suggested. Our initial expectations
must be carried further. In suburbanization of the factory, while
a redistribution lowering the aggregate journeys to work might be
expected, other hypotheses indicate that variations may result de-
pending on income, occupation, education, age, and the like. A
worker high on the scale of a socio-economic framework may be
14ibid., page 387T
1 Ibid., page 337
Hoyt, Homer, op. cit., chapter VI
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assumed to be already residing in suburban areas and there is-
generally little necessity for redistribution. Thus, his commuting
effort would be lowered completely by chance - the movement of the
plant would be beneficial in this case.
Secondary workers would not be expected to relocate their resi-
dences since they are generally controlled by the journey to work
of some other worker. An aged worker, it might also be argued,
would have little residence mobility, and thus is faced with either
increased.journeys to work or changing jobs assuming his residence
to be in an older close-in area).
Thus basic changes in the independent variable - the location
and size of the employment center - should yield these expectations
in the light of the hypotheses which make up the theoretical frame-
work. The design of the empirical test, which is outlined below,
has been set up with an aim toward measuring these effects, but
primarily within the framework of the least-effort principle.
IART II
THE METHOD OF ANALYSIS-
CHAPTER III
MEASURMENT OF THE VARIABLES
Measurement of Spatial Effort
The basic measurement required is the measurement of separation
of home and work. Since the theoretical framework establishes
least-effort as the principal causal attribute, this measurement
must be set up in terms of minimum separation. Carroll uses mileage
or actual physical distance and sets up mileage zones radiating out
from the employment center in concentric circles. While recogniz-
ing that time and cost may not vary uniformly with actual mileage,
his examinations indicated that the distribution function of resi-
dences showed little variation when measured by cost, time, or actual
physical distance.17 Thus his findings were based primarily on mile-
age zones since these were the least difficult data to obtain. Most
of the journey to work literature measures separation in terms of
physical distance although Reeder18 made some effort to use time and
cost as a measure of separation.
The use of physical distance on any plane other than a highly
theoretical, abstract formulation is extremely dubious. In empiri-
cal situations the effort involved in overcoming space is not only
a function of the straight line distance between origin and desti-
nation but is also highly contingent on such factors as topography,
mode of transportation, adequacy of the mode, and varying degrees'
of congestion. The radial nature of major transportation routes
17 Carroll, J. Douglas, Jr., op. cit., pages 33-35. In essence,
Carroll found that the workers who walked to work distributed
themselves about the employment center in the same manner as
those who used the public transit or private car. In short,
even though mode introduces substantial differentials, each
mode is consistent within itself and is thus comparable on
18 this basis.Reeder, Leo G ., op. cit., page 57'
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immediately sets up differences in effort between areas adjacent to
the transport facility and interstitial areas.
Thus, in empirical studies, time and cost are better measures-
of effort in overcoming space since they automatically compensate
for most of the variables mentioned above. For the purposes of
this study, it matters little whr one journey of Xmiles takes
longer or costs more than a different journey - also of X miles.
But the fact.that a difference exists is extremely important if
least-effort is the primary causal attribute. If the measure of
separation is physical distance these differences are not detected.
The Effect of Transport Mode
Mode of transportation brings rise to considerable differences
in effort. Walking to work requires little effort in terms of cost
but, for any given distance, it requires far greater effort in terms
of time than any alternative. In the same manner there are con-
siderable differentials between the automobile and the rapid trans-
it, or the automobile and the commuter train.
For any given residential location, a choice arises as to which
mode of transport is to be used. If Carroll's hypothesis is true,
the mode chosen will always be the one requiring the least effort
either in time, cost, or, preferably, both. Since this is a direct
implication of Carroll's statement, all residential locations in
this study are set up in terms of their least time and least cost to
the employment center. Both measurements are used, and they serve
as co-ordinates defining the journey to work of each residential
location in the study. In this manner any residential location is
comparable to any other in terms of measurement of home-work separa-
tion regardless of mode of transport.
Zonal Measurements
Precision in the measurement of time and cost is quite diffi-
cult to achieve as the data in the next section will bear out. On
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the other hand, precision is not necessarily most desirable. In
terms of time', increments of five minutes are assumed here to make
up zones whereby any worker living in such a zone requires roughly
the time between the lower limit and the upper limit of the zone.
For example, if a worker lived in such a location that his journey
to work usually consumes 8 minutes, his residence is considered to
be in the 5 to 10 minute time zone. Similarly, with five cents
considered to be the increment for a cost zone, if a worker must
spend 23 cents to accomplish his journey, his residence is consi-
dered to be in the 20 to 25 cent cost zone. If a worker lives south
of the employment center and the effort to comute expends the same
time and cost as another worker living north of the employment cen-
ter, both are in a comparable commuting position. Within a given
zone, there may be some variation in residential amenities, but for
the purposes of this study, this factor is assumed constant. Thus
if a map is constructed showing the location and extent of each time
zone (or cost zone) the location of each residence can be determined
both spatially and within the time or cost framework.
These zones can be established relative to both the central
city employment center and the suburban employment center. Thus
for every worker in any given zone relative to the central area,
there is an Equivalent Zone relative to the new plant site. If the
worker should move into this "equivalent zone" then he is in the
same commuting position relative to the new place of work as he was
for the original place of work. Should he move to a zone less than
the tequivalent zone," he has then lessened his commuting effort.
Should he stay beyond the "equivalent zone," then commuting effort
increases.
For any- given group of employees, the zone in which the greatest
number of workers reside can be considered as the Predominant Zone.
Thus, in the new location, there is a corresponding Equivalent Pre-
dominant Zone, and overall commuting changes can be measured relative
to this equivalent zone. If comparable zones for the two different
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plant sites should overlap, some workers would be faced with the same
effort to commute to both locations. This then would be an Indif-
ference Zone.
Every employment center has boundaries beyond which few, if any,
employees live. The locations of these boundaries, however, are ex-
tremely difficult to determine. In the case of comparing one plant
location with another, however, it is more important to apply a
boundary concept uniformly to both situations rather than determine
a precise boundary for each. In short, the relative change in the
boundaries is the important factor. In this study the boundary of
the effective extent of commuting is assumed to be the zone where 90%
of the workers have a lesser commuting effort. This zone is then con-
sidered the Limiting Zone. Figure 3 is a hypothetical time-distance
map to illustrate all of the zonal definitions outlined here.
Zonal Influences on the Theoretical Implications
Expectations in the light of the theoretical framework outlined
in Chapter 2 can now be restated in terms of the zonal definitions.
If general effort is to be minimized, workers should redistribute
themselves in a lesser zone than the equivalent zone, both individual-
ly and in aggregate totals. Workers high on the socio-economic scale
will likely be found in a lesser time and cost zone even though there
would be no expected moving of residential location. If this occurred,
it, of course, would represent not minimization but pure chance since
the employment center moved toward such workers. The hypotheses con-
cerning age and primary-secondary relationships would find the younger
workers and the secondary workers lying outside their respective
equivalent zones. Thus changes in residential location can be inter-
preted by means of these guiding zones which put the distribution
about both employment centers on a comparable basis in terms of the
journey to work.
-18.
FIqURE 3: HYPOTHETICAL TIME-DISTANCE MAP SHONING ZONAL
DEFINITIONS
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Measuring the Socio-Economic Variables
The measurement of socio-economic variables follows traditional
lines. Occupation, education, and income all make a contribution
toward classification into certain status levels. Lack of the three
is usually indicative of persons of lower status since lack of
training forces such workers into occupations which are low on the
scale of productive value and, consequently, yield little income.
Income, in turn, is a definite restriction in obtaining certain physi-
cal environment and material possessions associated with or symbolic
of status.
Whether a worker is primary or secondary, his age, and family
size, are all indicators of certain status within the family life-
cycle which has significance in terms of a worker's ability to move
his residence.19
Socio-economic measures, unfortunately, have never been accom-
plished to any great degree of satisfaction. Such indices are fre-
quent in sociological studies and rarely attempted by economists
(other than those concerned with consumer behavior). Specifically
applied to the problem of journey to work, Mrs Duncan20 simply set
up the census classifications as an index with professional workers
at the top and descending to laborers and unclassified workers at the
bottom. This, at best, is a crude measurement. Aside from the fact
that it is intended as a purely functional classification, the census
groups workers of widely diverse status and pTosition into a single
group. Thus, in the professional category, 'the least experienced
draftsman or surveyor is listed with an atomic scientist with ad-
vanced academic background and experience. In the managerial group,
the sales manager supervising a group of 10 is classified with the
corporation vice-president managing a firm of 10,000. The order of
1 9efer to: Rossi, Peter H., Why Families Move, The Free Press, Glen-
coe, Illinois, 1955, for an extensive study of the conditions in-
20" herent in family mobility.Duncan, Beverly, op. cit., page 57
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the census classification is also doubtful. The classification sug-
gests that professional workers are higher in scale than managerial.
This, of course, is highly questionable.
Income can also be a deceitful index of status. Union shops
can affect the wages of production workers to the extent that they
are receiving comparable wages to professional workers. Even laborers-
in the construction field have been known to receive higher wages
than inspectors and supervisors over them. Although professionals
were considered at the top of the scale in the study mentioned above,
managerial and sales personnel as a matter of course receive higher
incomes.
Educational background in the same manner can be dangerous to
use. While education is of great assistance in achieving certain
status levels, it cannot be assumed to assure invariably such achieve-
ment.
In the face of such dangers, these three factors, for lack of any
alternative, are used in this study, although the number of classifi-
cation groups has been minimized in each case in recognition of the
fact that these indices are largely unsubstantiated and only a very
limited sample was studied.
CHAPTER IV
DESIGN OF THE CASE STUDIES
The Empirical Study
The method set up to accomplish the objectives outlined in Chap-
ter I is based primarily on case studies of four small plants in the
Boston Metropolitan Area which, in the last few years, have relocated.
from the central city (including Boston and Cambridge) to a suburban
area. The four plants are diversely located in the periphery and all
except one represent complete relocations. That exception maintains
the major part of its - facilities in Cambridge and operates a small
branch plant in the suburbs. The products manufactured are princi-
pally in the durables category. One plant produces candy manufactur-
ing machinery; another cameras, lenses, and polarizing lenses; and
a third sheet plastics. The fourth plant deals in textile goods but
is not specifically concerned with manufacturing, being primarily a
warehousing operation. Their sizes range from 25 employees to 250
(although the factory in Cambridge employs an approximate total of
1,100 including both the main plant and the branch plant).
Plant Selection
The selection of these plants followed few criteria. They were
required to have been located both in the central city and in the
suburbs and all within the Boston Metropolitan Area. All plants were
readily accessible by highway in their suburban location but, in each
case, workers would be hard pressed to use any other mode of trans-
port than automobile. Each of their locations was initially deter-
mined by comparisons of various census materials of the State of.
Massachusetts and the New England Council, and their locations, em-
ployment data, etc., were verified in interviewing each plant manager.
Certain initial criteria of plant selection were discarded when
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it became apparent that data would not be readily obtainable from all
plants. Thus an initial minimum figure of 100 employees was re-
laxed to admit the smaller plants whose data were readily available
and who Were willing to participate in the study. Unfortunately a
criterion of selecting only plants who had moved at least five years
previously had to be similarly discarded. This meant that results
-might not be far enough along toward Phase I. of the process out-
lined in Chapter II to be significant. However, an average of three
years has passed since the relocations such that it would be expected
that an appreciable number of workers have moved.
Most of the firms are fairly uniform in terms of job benefits
and job security. Only the warehouse was endowed with a greater than
average employee turnover. This is to be expected, however, since
its employment is primarily laborers and secondary clerical help..
All offered group insurance, pension plans, periodic wage adjustments,
and various other fringe benefits. In short all plants seemed to be
meeting the competition of the metropolitan area in terms of job
benefits according to interview statements of the plant managers.
The Employee Survey
All current employees were considered in the survey except in
those cases of plants of fairly large employment. In those cases-
random samples were used. If information existed, former employees;
who worked in the central city location and then left the job were
also included in the sample. Of the total sample of 350 employees,
149 worked in both the central city and the suburban location, 77'
worked only in the suburban location, and 124 worked only in the
central city location.
The principal source of data concerning the employees was de-
rived from personnel files of the companies involved which, in gene-
ral, included a current file card, statements of number of dependents
for withholding tax purposes, and employment applications. A schedule
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was set up such that information from the personnel files was trans-
ferred directly to the schedule.
Recorded on the schedule were the following data:
1. Current Address (street and city or town)
2. Mode of Transportation (if available)
3. Age of Worker
4. Primary or Secondary Worker (this generally had to be
deduced after recording sex and marital status)
5. Size of Family (this was recorded directly as number
of dependents. Family size was then determined
by considering also sex and marital status).
6. Educational Background.
7. Annual Income (generally recorded as an hourly or
weekly wage from which annual income was calcu-
lated).
8. Occupation.
9. Was the worker employed when the plant was located
in the central city?
10. If so, did the worker move?
11. If so, the worker's address while working in Boston
was recorded.
The classifications were generally divided into seven or eight cate-
gories for recording from the files, but were later reduced to four
or five categories for two basic reasons: 1) the crudeness of the-
data in regard to presenting socio-economic levels, and 2) a number
of categories having too few workers to yield significant results.
The final classifications with the numbers of workers in the
sample represented in each category are given in Table I.
A word of caution must be introduced concerning the accuracy of
this data. Generally, most difficulty was found arising from obso-
lete records. While data from the smaller plants can be considered
fairly good ihithis regard (the plant manager was generally able to
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TABLE I
DISTRIBUTION OF TOTAL SAMPLE BY SOCIO-
ECONOMIC CHARACTERISTICS
No. Occupation % No. Income Range %
60 Professional & 16% 4 Under $2,000 1f
Managerial
49 Clerical 14% 50 $2,000 - $2,999 14%
46 Foremen, Craftsmen 13f 162 $3,000 - $3,999 46f
140 Operatives 40f 73 $4,000 - $4,999 21%,
56' Laborers & 15f 62 Over $5,000 17%
Miscellaneous
No. Education % No. Family Size %
45d College Graduates 13% 9W 1 person family 28f
6& Tech. or Bus. Sch. 117% 99 2 person family 28f
134 High School Grads. 38% 691 3 person family 20f
69 Some High School 20f% 55 4 person family 161
40 8th Grade or lessa 11% 32 5 person family 9f
or greater
No. Age Group % No. Household Relation f
33 Under 20 1 284 Primary 81%
100 20 - 29 28% 88 Secondary 19f
124 30 - 39, 35%
64 40 - 49 1 8f%
57 50 and over, 16f
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provide necessary corrections), the larger plants had instances where
no new information had been recorded on workers for over a year.
While in many cases this does not necessarily indicate error, em-
ployees frequently do not report any change in status voluntarily.
This primarily affects the primary-secondary and the family size
categories. In addition these two categories had to be determined
in a somewhat rough manner so that their adequacy is subject to ques
tion.
The Least Effort Maps
Assigning time and cost co-ordinates necessitated construction
of maps of "least-effort". Two sets of maps were drawn. One set
had as its base map the zones of least time in commuting to the cent-
ral area. These zones were plotted so that for any point in the met-
ropolitan area the approximate least time to Boston was known. This
journey could be accomplished by any mode or any combination of
modes which yielded the shortest possible time. 'Overlays were plot-
ted for each of the four suburban plant sites showing similarly the
least possible times for commuting to each location from any point
in the metropolitan area. The same procedure was followed in draw-
ing up a similar set of least cost maps. Figures 3 and 4 following
page 33 illustrate the time and cost base maps for the Boston loca-
tion and the overlays provide comparison with similar maps for one
of the suburban sites.
These maps represent a composite for all modes of transporta-
tion and, as such, involved collecting time and cost data for each.
One assumption should be noted here. Of the portion of the sample
for which such data were available, 85% arrived at the suburban
plant by automobile. Fifteen percent were members of car pools and
the rest drove their own cars (70%). Also, no suburban plant in the
survey was served by public transit; in fact, all such factories
were further than one mile from public transit. For these reasons
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it was assumed that the automobile was used by each worker in trips
to the outlying employment center.
The Journey Data
Public Transit: - The central area for a radius of about five
to six miles is served by the Metropolitan Transit Authority which
runs both surface and underground rapid transit. In addition there
are surface buses connecting the rapid transit system with other
major points. There is a basic fare of 20 cents in all parts of the
MTA system except for short, local rides on surface buses for 15
cents. Since the only cheaper alternative is walking and since Bos-
ton is a city large enough such that this mode quickly becomes im-
practicable, a basic cost zone was set up of from zero to 20 cents
since the 5 cent increments in this range have little meaning and
cannot be reasonably measured. In other words, the cost per trip in
Boston is either zero, 15 cents on a local surface trip, or 20 cents
with no alternatives in between. For purposes of comparability in
the suburban locations this basic cost increment was maintained.
Running Times for the MTA rapid transit lines are given in Table I
in the Appendix. Surface bus lines ostensibly follow a set schedule,
but their times can be assumed to be the same or more than for auto-
mobiles.
Rail Commuting: - Table II in the Appendix gives the running
time and cheapest cost per trip for all commuter points served by
the three railroads in the area. These costs generally represent
the form of commuter ticket which yields the lowest possible cost
per trip. Commuter tickets issued for a specific time limit to a
specific person, for use only by that person, are free from tax and,
consequently, in suburban areas proximity to a rail line generally
determines the lowest possible cost. In most cases this cost was
determined by a weekly or 10-ride ticket. A monthly ticket would
actually yield the lowest per trip cost, but these are generally
issued for 46 rides and, it is reasoned, not all tickets are used,
- 27 -
so that the weekly ticket turns out to be more economical. 21;
The running times for rail commuting listed in Table II of the
Appendix are generally not the least times but, rather, the least
times at the normal commuting hours. The times were taken from the
current timetables of the railroads involved and, while it is recog-
nized that trains running in off hours generally afford a saving in
time, these runs are not available for the great majority of journeys
to work. Thus these times represent the fastest runs of local trains
leaving North or South Station in the vicinity of 5:00 P.M.
Automobile Commuting: - The determination of time and cost for
automobile travel is a far more complex problem. Table III in the
Appendix gives the results of a study by the American Association of
State Highway Officials.22 This table shows variations in vehicle
cost for type of highway, operating conditions, and running speed.
These costs are also broken down according to fuel, oil, tires, main-
tenance, and depreciation. By way of comparison, a study by a cost-
accountant firm in Chicago for the Automobile Association of America
gives a somewhat less refined picture of automobile costs. This is-
given in Table IV of the Appendix.
A major question arises as to how much depreciation of the auto-
mobile should be charged to commuting and how much should be charged
to a separate item in the family budget - "car ownership". It is:
reasonable to assume that the average car owner does not charge de-
preciation for each trip according to the purpose of the trip. Thus
a trip to the grocery is not charged to the food budget and a trip
to the theatre is not added to the price of the admission charge and
entered into the recreation budget. However, even though inclusion
of depreciation charges-may seem to unduly penalize the journey to-
21 This is based on a five day work week for 50 weeks of the year with
a deduction of 10 legal holidays, making an average of 20 working
days or 40 trips per month..
ewes, L.I., & Oglesby, C.H., Highway Engineering, John Wiley and
Sohs, New York, 1954, page 45; from: A Committee Report oni Road
User Benefit Analysis for Highway Improvement, American Associ-
ation of State Highway Officials, November 1951.
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work cost, a certain measure of depreciation must be charged to the
miles driven on each trip as contrasted with that portion of depreci-
ation which is attributed to age of the vehicle. The study of the
A.A.S.H.O. assumed that for every mile driven half the cost of depre-
ciation can be charged to operation alone and these figures were used
throughout as the basis for automobile costs.
Time of operation for automobiles was based on a fairly thorough
survey carried out by M.I.T. engineering students in 1948 .233 Their
method was quite adequate according to current standards and, thus,
the only major modifications occurred where it was known that major
highway improvements had been made since 1948. The running times were
also adjusted slightly to conform to the data given by the A.A.S.H.0.
It was intuitively felt that today's congestion in the City of Boston
is far greater than that of 1948 so that auto travel in the city was.
assumed at a speed of 10 miles-per-hour at a cost of 5 cents per mile.
Table II below gives the complete schedule for assumed automobile
costs and times for all the major highways in the metropolitan area.
One final assumption was necessary. Travel on minor roads was
assumed to be accomplishediat a speed of from 20 to 24 miles-per-hour
and at a cost of 3.7 cents per mile.
Employee Commuting Effort
With the construction of the "least-effort" maps and the collec-
tion of the survey data, it was then possible to assign time and cost
moordinates to each residential location in the sample. This was ac-
complished by plotting each residential location on the base maps.
Since street addresses were known in each case, with the use of large
scale maps of the communities in the area, it was a simple matter to
determine a fairly precise location for each employee. These locations
were color-coded on the maps to differentiate between workers who worked
23&
Kurz-, C.R., &:Pawel, T.E., "Travel Times in the Boston Metropolitan
Area," unpublished bachelor's thesis, B.S., Massachusetts Insti-
tute of Technology, 1948
TABLE II SCHEDULE OF ASSUMED COSTS AND TIMES FOR MAJOR HIGHWAYS
Source: Based on 1) C.R. Kurz and T.E. Pawel, Travel Times in the Boston Met. Area, MIT Thesis, BS, t48
2) Table fI Compiled from AASHO Report
3) Spot Driving Checks (Route 1 south & north, Route 128, route 3 north, route 138 south,
route 38 north, route 9 west)
Highway & Direction Description 2 lane 3 lane 4 lane 4 lane div.
Route 1A (NE) Div 4-6 lane to Lynn Line 32 mph @ 3.8 - 32 mph 3.7 40 mph@h -
4 lane undiv. thru Lynn
2 lane thru Salem, Beverly, &c.
Route 107 (NE) Div. h land thru Revere 32 mph @ 3.7 20 mph @ 3.7 - o nph @ - -
and Saugus; 3 lane thru
Lynn; 2 land thru to Salem
Route 1 (N) Div. 4 lane with unl. access - - - to Saugus -
28 mph @ 3.7
4o mph o 4.1
Route 28 (N) Div. 4 lane to Spot Pond; - - 36 mph @ 3.9 32 mph @ 3.8
4 lane undiv. to Andover
Route 38 (N) 3 lane to Medford 32 mph @ 3.8 28 mph @ 3.7
2 lane beyond
Route 3 (NW) 2 lane to Mystic Lakes 20 mph @ 3.7 32 mph @ 3.8 52 mph
3 lane to Rt. 128 @ 4.5
New Road, IA h-6 lanes
div. RT 128 north
Lowell Turnpike 2 lane entire length 36 mph # 3.8 - . -
(NW)
h+ lne
div.IA
TABIE II (Continued)
Highway & Direction Description 2 lane 3 lane h lane 4 lane div. h+ lanedivJA
Route h (NW) 2 lane from Rt 2 thru 32 mph @3.7 36 mph @ 3.9 -
Lexington to Rt. 128
3 lane from Rt 128 No.
Route 2 (W) Div. 4 lane to Arlington - 36 mph @ 3.9 28 mph @ 3.7
Heights; undiv.h lane to
Concord Jet.; Div.h lane
IA beyond 2 mph §
Route 20 (W) 2 lane most of length 24 mph @ 3.7 -
some 3 lane
Route 30 () Divided to Braves Field 28 mph @ 3.7 28 mph @ 3.7 - 20 mph @ 3.8 -
h lanes 6 parking
3 lanes plus service Rd
to Route 128
2 lanes to Route 9
Route 9 (W) Div. h-6 lanes, Unlimited -- 0mph @ 4.0
access
Route 1 (SW) 1 lanes Huntington Ave. to - 24 mph @ 3.7 40 mph @ 4.1 36 mph @ 3.9 -
Forest Hills (inadequate
width, 3 lanes eff.)
Div. h lanes to Rt 128
Undiv. h lanes to R.I.
TABLE II (Continued)
Highway & Direction Description 2 lane 3 lane U lane 4 lane div. U+ lane
div .IA
Route 138 (S) 2 lane (eff) to Franklin Pk. 20 mph @ 3.7 36 mph 0 3.9 - 24 mph 1 3.8 52 mph
4 lane div. city st. to 4.5
Mattapan; 3 lanes to
Stoughton & Avon
Div.IA 4-6 Lanes to Fall Riv.
Route 28 (S) 2 lane City St.(Dorchester 20 mph @ 3.7 32 mph @ 3.8
Avenue); 2 lanes thru Milton 28 mph @ 3.8
3'& 4 lane thru Randolph
3 lanes Randolph to Cape
Route 3 (SE) Div. 4-6 lanes to Neponset 20 mph @ 3.7 32 mph @ 3.8 - 32 mph @ 3.8
3 lane City St. thru Quincy
and Braintree; 3 lanes to
Kingston
Route 18 (SE) 2 lane 32 mph @ 3.8 --
Route 3k (SE) undiv. U lanes - 36 mph @ 3.9 32 mph @ 3.8
Tore River to Hingham
3 lanes beyond Hingham
Route 128
Circumferential 4-6 lanes div. IA 52 mph
4 .5
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only in the city, those who worked only in the suburbs, and those who
worked in both locations. Workers working in both locations and mov-
ing their residence had both home locations plotted with a line join-
ing them so that each movement was traced out both geographically and
within the time and cost framework.
Some source of error was inherent in this process. Up to date
maps were not available for all communities so that, for workers liv-
ing in recent subdivisions, a residential location had to be assumed
within the recorded community. Also there was a small number of cases
where a street could not be located in heavily built-up areas because
of the lack of a street index and the complexity of the street system-
involved. Both sources of error are considered to be quite small,
however. Such difficulties were only encountered in roughly 51 of the
total sample and in no case would the degree of error exceed one-time
or cost zone.
Data Processing
Analytical procedures involved, as a first step, recording of all
employee data on cards for ease in tabulation after time and cost zone
coordinates were assigned to each employee. This involved restating
the data in terms of a number code so that recording on the cards and
subsequent tabulation could be more quickly accomplished. The possi-
bility of error in transferring and tabulating data is of course ram-
pant in this process. The only effort to control error was that the
tabulation of certain random breakdowns was run through twice by dif-
ferent persons and, in all such cases, no error was found. It was
therefore assumed that error due to tabulation procedures was of no
significance.
Table III through Table VI .ifollowing'page,33r- indicates how the
data were principally tabulated. This form allowed cross-classifica-
tion between time and cost increments and gives a picture of the dis-
tribution with respect to both variables. These distributions were
then graphed by time and cost to yield a representation of the
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residential distribution by increasing time and cost effort from the
plant site. These graphs were broken down according to each phase
of the transition as outlined in Chapter II.
From this array the extent of all shifts in the Predominant Zones-
and in the Limiting Zones was measured as well as the changes in the
magnitude of settlement in each of these zones. Finally a tabulation
was made for each individual who worked in both locations as to
whether his commuting after the plant relocation was less effort, more
effort, or the same effort.
Time Vs Cost
A precise correlation between the two measures, time and cost,
was not attempted. No attempt was made at the start to predict which
was the more important measurement in terms of effort, except that
the cost data indicated that the widespread use of the automobile
would show generally higher expenditures. This actually turned out
to be the case. Time seemed to have a far more controlling or restrict-
ing effect than cost and also seemed to indicate far more regularity
when plotted against the residential distributions.
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TABLE III
DISTRIBUTION OF ALL WORKERS BY
TIME AND COST FROM CENTRAL CITY
PLANT AND FROM SUBURBAN PLANT
PLANT LOCATION: CITY
COST ZONES IN CENTS PER TRIP
% Of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
0-5 26 26 9%
5-10 48 48 17.6
10-15 53 53 19.4
15-20 48 11 5 1 65 23.8
20-25 7 7 7 1 4 26 9.5
25-30 2 1 3 5 2 13 4.7-
30-35 3 5 3 1 12 4.4
35-40 4 7 2 1 14 5.1:
40-45 2 2 4 1.5
45-50 1 5 1 7 2.6
50-55 1 1 0.4
55-60 1 2 3 1.1
over 60 1 1 0.4
Total 184 19 15 14 18 8 8 2 4 1 273
% of 67.4% 7.0 5.5 5.1 6.6 2.9 2.9 0.7 1.5 0.4 100.0
10__0
PLANT LOCATION: SUBURB
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
0-5 26 26 11k5
5-10 28 1 1 ~ 30 1343
10-15 10 5 8 7 1 31 13.7
15-20 1 5 6 1 13 5.8
20-25 1 11 6 3 2 1 2 26 11.5
25-30 4 7 9 8 3 4 3 38 16.8
30-35 1 3 11 8 1 24 10.6
35-40 7 1 6 4 18 8.0
40-45 2 3 2 7 3.1
45-50 6 6 2.7
50-55 1 1 0.4
55-60 1 2 3 1.3
over 60 3 3 1.3
Total 65 7 14 28 14 17 28 15 14 24 226
Total 28.8 3.1 6.2 12.4 6.2 7.5 12.4 6.6 6.2 10.6 
100.0
4 ,~ 4
-~
TABLE IV
DISTRIBUTION OF WORKERS EMPLOYED
IN BOTH LOCATIONS AND MOVED THEIR
PLACE OF RESIDENCE BY TIME AND
COST FROM CENTRAL CITY PLANT
AND FROM SUBURBAN PLANT
PLANT LOCATION:
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
5 8 8 20%
5-10 6 6 15
8 8 20
15-20 11 2 1 14 35
20-25 2 1 3 7.5
25-30 1 1 2.5
30-35 0 00
35-40 0 0.0
40-45 0 0.0
45-50 0 0.0
50-55 0 0.0
55-80 0 000
over 60 0 0.0
Total 33 4 3. 0 0 0 0 0 0 0 40
ot 1 82.5 10 7.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
CITY
PLANT LOCATION: SUBURB
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
_-5 6 6 15.0
5-10 7 7 17.5
10-15 2 1 6 9 22.5
15-20 2 1 3 7.5
20-25 _1 .3 1 5 12.5
25-30 1 3 7.5
30-35 1 1 2 5.0
35-40 11 2.5
40-45 1 1 2.5
45-50 0 0.0
50-55 0 0.0
55-60 1 1 2 5.0
over 60 1 1 2.5
Total 15 1 2 8 4 2 1 1 1 5 40
ot 37.5 2.5 5.0 20.0 10.0 5.0 2.5 2.5 2.5 12.5 10 0.0
- .4 .4 .4
TABLE V
DISTRIBUTION OF WORKERS EMPLOYED
IN BOTH LOCATIONS AND MOVED THEIR
PLACE OF RESIDENCE BY TIMEAND
COST FROM THEIR ORIGINAL HOIM
SITE TO THE SUBURBAN PLANT
PLANT LOCATION: SUBURB
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
Q- 5 0 0.0
5-10 2 2 5.0
10-15 0 0.0
15-20 1 2 5.0
20-25 2 2 4 10.0
25-30 .1 5 2 2 1 11 27.5
30-35 10 3 1 1 15 37.5
35-40 1 3 4 10.0
40-45 2.5
45-50 0 0.0
50-55 0 0.0
55-60 0 0.0
over 60 1 1 2.5
Total 2 0 0 4 6 2 14 4 5 3 40
% of
Ttl5.0 0.0 0.0 10.0 15.0 5.0 35.0 10.0 12.5 7.5 100.00
.4 4 4 -
TABLE VI
DISTRIBUTION OF WORKERS EMPLOED
IN BOTH LOCATIONS WHO MAINTAINED
THE SAME PLACE OF RESIDENCE BY
TIME AND COST FROM THE CENTRAL
CITY PLANT AND FROM THE SUBURBAN
PLANT
COST zONES IN CENTS PER TRIP
of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
511 11 10.1
5-10 14 14 12.8
10-15 20 20 18.4
15-20 22 3 1 26 23.9
20-25 . 2 2 6 1 1 12 11.0
25-30 1 1 1 2 2 7 6.4
30-35 1 4 1 6 5.5
35-40 1 4 1 1 7 6.4
40-45 1 1 0.9
45-50 2 1 3 2.8
50-55 0 0.0
55-60 1 1 2 1.8
over 60 0 0.0
Total 70 6 8 5 11 3 2 2 2 0 109
% of
Total 64.3 5.5 7.3 4.6 10.1 2.8 1.8 1.8 1.8 0.0 100.0
PLANT LOCATION: CITY
COST ZONES IN CENTS PER TRIP
% off
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
_-5 5 5 4.6
5-10 5 5 4.6
10-15 1 2 3 1 7 6.4
15-20 2 4 1 7 6.4
20-25 9 3 2 2 1 2 19 17.4
25-30 4 5 8 5 2 3 2 29- 26.6
30-35 1 3 9 6 19 17.4
35-40 3 1 4 1 9 8.3
40-45 1 3 4 3.7
45-50 3 3 2.8
50-55 1 1 0.9
55-60 1 1 0,9
over 60 0 0.0
Total 11 2 5 18 9 14 19 11 10 10 109
% of
Total 10.1 1.8 4.6 16.5 8m.3 12.8 17.4 10.1 9.2 9.*2 1100.0
PLANT LOCA TION: 0,TMnTR
TABLE VII
DISTRIBUTION OF WORKERS HIRED
AFTER PLANT RELOCATION TO
SUBURBS BY TIME AND COST
FROM TEE SUBURBAN PLANT
* 4 4
PLANT LOCATION:
COST ZONES IN CENTS PER TRIP
of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
_ -_5_ 15 15 19.5
5-10 -16 1 1 18 23.3
10-15 7 2 5 1 15 19.5
15-20 3 3.9
20-25 2 2.6
25-30 1 3 1 1 6 7.8
30-35 2 1 3 3.9
35-40 3 2 3 8 10.4
40-45 1 1 2 2.6
45-50 3 3 3.9
50-55 0 0.0
55-60 0 000
over 60 2 2 2.6
Total 39 4 7 2 1 1 8 3 3 9 77
% of 50.6 5.2 9.1 2.6 1.3 1.3 10.4 3.9 3.9 11,7 100.0
T o ta l _ _ 1 1 1 1 _ _ 1 1 1 1_if ._ _
SUBURB
PART III
FINDINGS AND EVALUATIONS
CHAPTER V,
THE ANALYSIS OF RESULTS
General Results
The results indicated a general lack of mobility in terms of
employees in the survey actually moving their homes. In the sample
of 350 workers, 149 or roughly half worked in both the central area
site and the suburban site. Of these, only 40 (or 27% of the 149)
relocated their homes. Since the great majority of workers in the
sample live in fairly close-in districts, this indicates journeys to
work occurring in opposite directions to the established pattern.
Thus, in addition to the general movement to work from peripheral
areas toward the central city, there are numbers of workers travel-
ling from the central area to peripheral work sites. In short, the
same effect that was found in similar circumstances in England by
Liepmann - namely that the residential pattern still largely reflects
the old plant location - occurs again in this instance.
The Restrictions of Time Vs. Cost
One finding mentioned in the final paragraph of the last chapter
sets the pattern for the general approach to the analysis. The great-
er regularity of settlement by time zones rather than cost zones indi-
cates that emphasis should be placed on analyzing the data in terms of
the time measurement to gain the clearest perception of results. How-
ever, before proceeding, some explanation of this finding should be
sought.
In the use of the automobile, cost is actually a "hidden" element
of effort from the point of view of the worker. It is, of course, in-
herent in the operation of a car but, in the course of a trip, the
worker actually has little realization of its actual magnitude. He
would most likely think of cost only in terms of fuel consumed and
pay only scant attention to tire wear, depreciation, or the effects of
- 35 --
speed and road conditions. Indeed, the commuter's probable affinity
to a high speed road rather than a minor road unconsciously results
in a higher expenditure than the least possible.
Another factor, applicable to all modes of transport, is the
small portion of the family budget involved in commutation costs. An
increment of 5# per trip means only a $24 annual increment in the
family budget (based on 240 working days per year). Increasing the
trip cost from 200 to 400 means only an annual increase of approxima-
tely $100, or an increase from 31 to 61 of a $3000 annual income.
Thus the cost of commuting is a relatively minor expenditure absorbed
daily without too much conscious thought.
On the other hand, the worker is directly conscious of the time
effort in commuting. He may measure it in his mind in many ways. He
might consider the work day and the total commuting time as that part
of the day he must spend away from home. He may think in terms of
what.hour in the morning he must leave home or what hour in the even-
ing he will return home. Or, if he dislikes driving or riding, he
may think directly in terms of the actual time he must spend in tran-
sit.
In short, while the worker is directly conscious of his time
effort, his real costs are only tallied up at infrequent points in the
course of a year (and probably not in relation to each other). There-
fore, it would be expected that only where cost of commuting is an ex-
cessive burden would it exert a major locational influence.
The Overall Pattern
Expectations in the light of the theory were that a regrouping
should occur whereby commuting effort is reduced due to the least-
effort principle and the removal of competition for close-in sites.
In considering the aggregate of all workers, however, the city loca-
tion yielded a Predominant Zone of 15 to 20 minutes, while in the sub-
urban plant the Predominant Zone was 25 to 30 minutes. Also, rather
than taking advantage of an opportunity to concentrate about the
- 36,-
FVIGURE 6: DISTRIBUTION OF ALL WORKERS BY TIME DISTANCE
FROM CENTRAL CITY PLANT LOCATION AND FROM
SUBURBAN PLANT LOCATION
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suburban employment center, the workers were actually more dispersed.
This greater dispersal is largely reflected by workers who did not
move. However, on examination of the workers who did move, this
greater dispersal is still evidenced by an increase in their Limiting
Zone from 20-25 minutes in the city to 35-40 minutes in the suburban
center.
Even though these figures indicate an overall increased commut-
ing effort, they must be examined more closely in the framework of im-
plications derived in Chapter II (cf. Figure 2, page 8). Referring
to Figure 6, the total overall distribution indicates a double peak
or two distinct predominant zones. This distribution would indicate
that the commuting situation at the time of the survey was somewhere
between Phase II and Phase III, or in a largely transitional position.
Thus the data must be refined and broken down by phases and by differ-
ent components of the sample - e.g., workers who moved vs. workers who
did not move.
Aggregate Analysis of the Three Phases
Figure 7 illustrates, according to the specified phases, the dis-
tributions found in the sample. These patterns are made up from the
total of 149 workers who were employed in both the city plant location
and the suburban plant location.
Examination of Phase I reveals the historical pattern of workers
in the central business district conforming, for the most part, to the
expectations of Carroll's analysis. The mean travel time is 17b
minutes with relatively little skewness and 11 minutes standard devi-
ation. Thirty-five minutes is the boundary for which 90% of the work-
ers have less commuting time.
Phase II, as expecte4 is almost a mirror image of Phase I and is
shifted in time away from the plant site. Relative to the new plant
site approximately the same dispersion is evidenced with a similar
tendency towards a function approaching statistical "normality". It
appears that the four suburban plants are, on the average, about
FIGURE 7: DISTRIBUTION OF WORKERS EMPLOYED IN BOTH LOCATIONS BY PHASES
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30-35 minutes away from their former central location.
Phase III shows the transitional state of the commuting situ-
ation at the time of the survey. Thus, in the light of the theory, it
does not come up to expectations since apparently the survey was con-
ducted too soon after the suburbanization of the work places. Even so
definite influences are indicated. The distribution becomes skewed
toward the work place as workers, presumably minimizing their commuting,
filter off the peak of Phase II and begin to regroup toward the plant.
In so doing, the peak appearing near the plant in Phase III is less
effort than the Predominant Zone -in Phase I, as predicted.
Thus, it would appear that a tendency toward minimization is
occurring. The mean travel time of the second phase is reduced in the
third phase in spite of only a small portion of workers moving. Even
though dispersal, as measured by the standard deviation, is greater in
the final position, this variance is likely concentrated in the forma-
tion of the new peak. However, it cannot be immediately colicluded
that minimization forces are definitely the direct cause of the new
pattern for it must be noted on the graph that better than half of the
new peak also lived there at Phase II. In the actual data, lying be-
tween zero and twenty minutes of the new plant are 28 workers who had
their commuting reduced by chance - i.e., the plant moved toward them.
Only 22 workers actually moved into these zones. Thus, before any
conclusiveness can be derived from the analysis, closer examination of
the workers who actually did move must be undertaken.
Analysis of the Workers Who Moved
Figure 8 illustrates the relative commuting positions of the
workers who actually moved by phases.
Examination of Phase I shows a similar distribution as in the ag-
gregate pattern except for less dispersion, a very close-in Limiting
Zone (20-25 minutes), and more pronounced skewness toward the plant
site. These workers, then, exhibit greater concentration about the
original plant site and, thus, a greater propensity for minimizing their
FIGURE 8: DISTRIBUTION OF WORKERS EMPLOYED IN BOTH PLANT LOCATIONS WHO CHANGED
THEIR PLACE OF RESIDENCE BY PHASES
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journey to work than the aggregate pattern in the initial phase.
Phase II shows the characteristic shift in time of the original
distribution with a slightly greater dispersion due to the plant
moving relatively further away from some workers than most due to the
position of these workers in the metropolitan area.
Phase III shows the basic tendency to minimize the journey to work
with the employees moving toward the plant. However, there are some
distinct differences from the predicted pattern. While the Predominant
Zone for Phase III lies closer than its counterpart in Phase I, the
mean travel time for Phase III is four minutes greater. This indicates
less settlement in the Predominant Zone and is seen graphically by the
fact that the peak of Phase III is less than Phase I. The dispersal
in Phase III is also considerably greater and the overall distribution
appears spread over a far greater time-distance range. In addition,
the pattern is actually skewed away from the plant.24 Thus it would
appear that pure minimization of the work trip is not the sole deter-
minant in this pattern.
Explanation of the failure to predict the aggregate.pattern can
be readily approached by considering the time-lag argument. Mortgage
commitments on the original home, lack of comparable housing in the
suburbs, social affinities, and possibly a simple, unspecified "iner-
tia" may all be reasonable explanations of the observed distribution.
However, this is explored more fully in a later paragraph.
However, the workers who have moved have assumed a specific, new
commitment such that their status in Phase III can be considered
their final position with respect to their job. Thus some explanation
is required of the deviation from the predicted pattern. Part of this
24Skewness for all distributions was determined by the Pearsonian
Measure where skewness is equal to the difference between the
mean and the mode divided by the standard deviation. cf. Croxton,
E.E., and Cowden, D.J., Applied General Statistics, Prentice-
Hall, Inc., New York, 1939, Chapter X
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explanation lies in a comparison of Phase II and Phase III. Here is
indicated a more pronounced tendency to lessen the work journey by
moving to alleviate commuting conditions from the original home site
to the new plant site. This might.well be the least-effort principle
in force even though the final pattern does not fully approach the
initial arrangement of Phase I. In comparing these later stages, the
mean time per trip of Phase III is 13 minutes less than that of Phase
II and the- final outer boundary is reduced by 7 minutes. However, the
relatively small change of the outer boundary (compared to the much
larger change in the mean) again points up the greater degree of scat-
ter in the final distribution.
In the light of this greater scatter, if the workers are minimiz-
ing their journey, they are doing so with broader concepts of the resi-
dential pattern continuum and, consequently, the regrouping about the
plant site is occurring in a climate of an expanding scale of measure
with regard to the trip to work. Minimization of commuting is occur-
ring in a framework of different values - values which provide for a
more diverse and flexible choice of location.
In a sense, it may be that suburban living, by virtue of a more
scattered development pattern, implies longer trips of all kinds - work,
shopping, school, friends, etc. - and that, in considering a home loca-
tion, the worker psychologically senses and accepts these conditions.
Factors which, might contribute to such a process may be embodied in
the general characteristics of the suburbs - e.g., far lower density
of residential development, more open space, freedom from congestion
(and hence less fatigue from travelling) or the greater degree of
separation of residential development from work areas and commercial
areas by the legislative actions of zoning and the institutional prac-
tices of real estate operators and land developers. Also not to be
discounted in the worker moving to the suburbs is the prospect of new
housing and home ownership in which case it is possible a more discri-
minating rationale exists pertaining to on-site qualities.
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Workers in One Location Only
Little can be said of the workers of the'city plant who left their
job when the plant moved. This is primarily because of the difficulty
in gaining access to old records and files, and also because a large
portion of this part of the sample have not actually left their jobs but
rather are currently employed in the firm that maintains both a city and
a suburban location.
Similarly, no effort was made in tracing out the workers who were
hired after the plant located in the suburbs as to where they lived or
worked preyiously.
Therefore, in both cases, propensity _to change jobs can only be
assumed as concomitant with a propensity to minimize the journey to work.
Conclusions Concerning the Theory
A summary of conclusions concerning the major theoretical state-
ment can be made as follows:
1. Workers who moved tended to be more concentrated at the core
of the city in the original pattern and, in moving, showed a
general tendency to repeat this pattern for the suburban plant.
However, a considerably higher degree of scatter for these
workers in the new plant indicates a greater degree of flexi-
bility of commuting effort in the suburbs than was predicted.
2. The large number of workers who did not move primarily reflect
a time-lag in the regrouping process. In part, however, they
lend further support to conclusion 1 above, since, for an ave-
rage of three years, these workers have been willing to bear
the greater commuting effort which was imposed on them when
the plant moved.
3. Carroll's hypothesis cannot be said to be disproved by this
analysis and it is quite possible that a minimization process
is occurring. But it is occurring in a manner whichindicates
the theory is inadequate for a full and accurate description
of the journey to work phenomeno and a more comprehensive
statement is needed.
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The Socio-Economic Variables:
Testing of the socio-economic hypotheses proved to be quite un-
successful due principally to the fact that the sample size generally
was too small to be sensiti've enough to reflect major differences.
It is also suspected that the metropolitan area under study is so
built-up in its suburbs, and that the zones of the least effort maps
cover such a wide area, that within any given time or cost zone there
is opportunity for a wide variety and divergence of socio-economic
levels and characteristics. This was reflected in the fact that for
the central city location of the work site, practically all groups,
no matter what the breakdown, had the same predominant zone in both
time and cost as the overall average. This is seen in Table VIII on
the following page.
Some notable points resulted, however, which should be mentioned.
Liepmann's hypothesis that secondary workers travel further than pri-
mary workers was not borne out in this sample. In fact, just the op-
posite occurred for both locations of the plant site. No secondary
workers moved and, in fact, most working in Boston left for a differ-
ent job when the plant relocated. Most of the secondary workers in
the suburban plant were hired locally which accounts for their low
travel time in this regard. Thus, the principal explanation of why
this hypothesis fails seems to lie primarily in a greater propensity
of secondary workers for changing jobs.
The hypothesis that younger workers travel further than older
workers was also shown to be contradicted by the data. As an explana-
tion, it may well be that the younger workers of the sample had new
families with no children and, consequently, lived in the central area.
Also the small likelihood of younger workers being attached to a home
by tenure conditions makes them more able to move in close when their
job is in the suburbs. This is somewhat verified by the fact that the
younger workers who moved are the only group who consistently showed
a tendency toward minimizing their journey to work. However, the age
group had so few workers that the difference may well be pure chance.
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TABLE VIII
ZONE CHANGES IN TIME EFFORT FROM CENTRAL
CITY PLANT AND SUBURBAN PLANT
CITY SUBURB
Pred. Zone Limit' Zone Equiv. Zone Pred. Zone Li iting
-
_ _ _ I_ _ _n
Zone 7 of
Tot.
Zone 70 of
Tot.
Zone * of
Tot.
ZoneZone 7o i
Tot.
All Workers 15-20 24% 35-40 15-20 6% 25-30 17% 35-40
Workers Moving 15-20 35% 15-20i 15-20 8% 10-15 23% 35-40
Workers Not Mvg. 15-20 24% 15-20 15-20 6% 25-30 27$ 35-40
Prof. &-Mgr. 15-20 25% 40-45 15-20 3% 20-25 26% 35-40
Clerical 15-20 26% 25-30 15-20 6% 0-5 25% 30-35)
Foremen, Crftsmn 15-20 3D% 25-30 15-20 10% 5-10 14% 45-50
Operatives 10-15 27% 3D-35 10-15 12% 25-30 22% 40-453
Laborers, Misc. 5-10' 3B 25-30 5-10 17% 5-10 17% 35-40
By Income
$2000-$2999 5-10 34% 25-30 5-10 30% 0-10 60% 30-351
$3000-$3999 15-20 21% 30-35 . 15-20 17% 25-30 19% 35-40
$4000-84999 10-15 29% 35-40 10-15 15% 25-30 21% 40-45
$5000 &.over 15-20 31$ 35-40 15"20 5% 20 -25 25% 45-50'
College Grads. 15-20 28% 35-40 15-20 0 25-30 29% 35-40
Tech.or Bus.Sch 15-20 21% 35-40 15-20 3% 5-10 21% 40-45-
High Sch.Grads. 15-20 26% 30-35) 15-20 10% 10-15 17% 35-40
Some High Sch. 15-20 25% 40-45 15-20 7% 25-30 17% 40-45;
8th Gr. or less 5-10 26% 30-35 5-10 7% 30-35. 23% 35-40
1 pers. fam. 5-10 27% 20-25) 5-10 12% 0-5 19% 35-40
2 pers. fam. 15-20 22% 40-45, 15-20 6% 5-10 21% 30-35
3 pers. fam. 15-20 28% 25-30 15-20 6% 25-30 21% 40-45
4 pers. fam. 10-15s 27% 35-40 10-15 5% 30-35 20% 40-45-
5 or over 15-20 22% 35-40 15-20 5% 25-30 16% 35-40
pers. fam.
Age 20-29 5-103 29% 35-40: 5-10 16% 25-30 18% 35-40
t 30-39 15-20 29% 30-35 15-20 4% 10-15 21% 35-40
40-49 15-20 22% 35-40 15-20 3% 25-30 18% 40-45
it 50 or over 15-20 24% 30-35i 15-20 8% 20-35 17% 35-40
Primary 15-20) 25% 35-40 15-20 5% 25-30 17$ 35-40
Secondary 5-10 31% 30-35) 5-10 13% 0-5 20% 30-35
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It would- be expected that -single person families would tend to have
lower commuting effort, since they primarily live in apartment or
rooming house units in heavily built-up areas. In bearing out this
expectation, this group showed significantly lower commuting time and
cost from other family size groups.
Neither Education nor Occupation yielded any significant differ-
ences in commuting effort between the various classifications. How-
ever, the income groups quite noticeably followed the expected pat-
tern. In the central city location, the boundary of commuting time
seemed to increase five minutes with every $1000 increase in annual
income. Similarly, the commuting cost seemed to increase 50 with
every increase of $1000 in annual income. In the suburban plant the
expected pattern again occurs even to the higher income.groups, al-
ready settled in the suburbs, being directly benefitted by the move-
ment of the plant to the suburbs.
Mobility Within the Framework
The transitional position of the final aggregate distribution
suggests the conclusion that a time-lag operates within the process
and movement toward the new plant occurs slowly. This would suggest
that some workers are in a better position to change their residence
than others and that, as time passes, conditions.change such that
eventually all workers are able to regroup about the new plant. Thus,
the rate of movement depends upon the relative mobility of the working
force and, to understand more fully the final distribution found above,
a comparison should be made of the mobility of the workers who moved
vs. the workers who did not move.
25g.Rossi, in a recent study in the Philadelphia Area, found data
bearing out to a significant degree his major hypothesis: "...the
major function of mobility (is) the process by which families adjust
2 5 s
Rossi, Peter H., op. cit.
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their housing to the housing needs that are generated by the shifts
in family composition that accompany life-cycle changes."26 In mea-
suring this, Rossi established an "Index of Mobility Potential"27
which gives weight to age, family size, and tenure such that large,
young families who are renting represent the highest potential of
mobility.
Therefore, if Rossi's index is adjusted slightly to conform to
the data- of the survey, the potential mobilities based upon family-
cycle conditions can then be examined. Thus, the following weight-
ing was devised to establish an index of "mobility potential" by
which workers in the survey could be compared:
Age Family Size; Primary-Secondary
20 - 39 = 2 3 or more' Primary Worker= 1
40 - 49 = 1 persons-= 2 Prim.Wrkr. in
over 50 = 0 2 persons-= 1 a 1-pers.fam. = 0
1 person = OD Secondary -1
The use of primary-secondary weightings was aimed at accounting
for the hypothesis that the secondary worker's home location is deter-
mined by another worker. Thus, in terms of potential within this
framework (or relative to these particular jobs) this index estab-
lishes a difference of mobility between types of workers and, thus,
is not strictly comparable to the Rossi index. These weightings also
measure mobility potential independent of the type or quality of
housing occupied by the workers at the time of the movement of the
plant, and also without consideration of tenure. It is therefore
somewhat unrealistic in this regard.
While the mobility potential measures inclination to move, it
does not measure-ability to move. This is attempted by establishing
an Index of Socio-Economic Status and, assuming the higher a worker
lies on this index, the better his ability to change his residence if
he wished to do so. Thus the following weightings were devised to
establish this index:
26
7bi]d., page 9Ibid., pages 74-77
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Occupation Income Education
Professional $5000 and 2 College$kManagerial over = Grad.
Clerical, $3000 to High School
Operative, 14999 1 Grad. & = 1& Forement Teoch.8& Bus.
Laborers & = under- Non-High
Miscellaneous 0 $3000 ~ ) Sch. Grad. 0'
A professional or managerial worker with a college degree and an
income over $50004 thus represents a worker best able to change his
residence (this introduces somewhat of a paradox in the analysis since
this worker is also best able to bear the greater commuting cost ex-
penditures and, in this sense, is least likely to move).
By combining these two indices the final phase of the distribu-
tion can be examined more precisely. The mobility potential index
ranges from 0 to 5 and the socio-economic status index ranges from 0'
to 6. If -the mid-point boundaries are arbitrarily considered as dif-
ferentiating between high and low potential and high and low ability,
then four broad categories of relative mobility can be qualitatively
described:28 I. Workers with a low mobility potential and a low abi-
lity to move; II. Workers with a high mobility potential and a low-
ability to move; III. Workers with a low mobility potential and a high
ability to move; and IV* Workers with a high mobility potential and
a high ability to move. These categories are illustrated in tabular
form as follows:
28'These boundaries are as follows: A Worker must be in the clerical,
operative, foreman occupation (or better), make $3000 per year (or
better) and be a high school graduate (total score = 3) to be con-
sidered a "high-ability-to-move" worker. Similarly, he must be. a
primary worker, with at least a two-person family, and be under 50
(total score = 3) to qualify as having a high mobility potential.
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Mobility Potential
03 1 2 3 4 5.
01 I. low potential II. high potential
1 low ability low ability
2 '
4 III.low potential
5 high ability
6
IV. high potential
high ability
This a comparison of workers who moved and those who did not
should show significant differences in their groupings by these four
categories. This actually resulted as the following tables illustrate:
WORKERS WHO MOVED:
Mobility Potential
Socio-
Economic
Status
0 1 2 3 4 5'
S.II. 25f
1 (6. workers) (10 workers)
2
3
4 III. 50 IV. 551
(2 workers) (22 workers)
6i
WORIERS WHO DID
Socio-
Economic
Status
NOT MOVE:
Mobility Potential
0 1 2 3 41 5L
0 1 11% II. 30%
1 (11 workers) (33 workers)
2
T III. 22% (v 3:7%
4 (24 workers) (40 workers)
5>
6
Socio" -
Economi c
Status
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Category IV, representing workers of both high potential and high
ability to move, proved to be dominant among the workers who actually
changed their location of residence. While therea is predominantly
high potential and high ability in the non-movers, they are not sig-
nificant to such a marked.degree, although they do signify the possi-
bility of considerable future movement.
Another significant category is that with workers of low potential
but high ability to move (Category III). These workers conspicuously
remained in the housing they occupied before the plant moved, thereby
indicating satisfaction in housing accommodations and indifference to-
ward increased commuting (however, as can be seen in Table IX, rela-
tively few of these workers actually experience greater commuting
effort and a large number actually benefitted by the plant moving).
In Category IT, the pressurescof family needs, even in the face
of little ability to move, seemed to embrace the plant relocation as a
catalyst and, consequently, a number of moves resulted. However, a
relatively greater proportion of these workers still remained statio-
nary in the same housing.
A relatively greater number of moves occurred in Category I, but
this may well be the fault of the index which assumes normal family
formation and housing occupancy. These movers are undoubtedly single
persons, having no tenure attachments, and moving into what few room-
ing house accommodations exist in the suburbs. 29
While this analysis provides something of an explanation for a
number of non-movers, if actual commuting effort in each of these four
categories is examined, much greater refinement is derived. In Table
IX on the following page is the relative commuting position of workers
in each category before and after the plant relocation.
Thus it is apparent that a number of the non-movers either had
better commuting after the plant relocated or at least an equivalent
29 Acomplete tabular breakdown of the workers by these indices is
given in the Appendix - Table XXXIV.
- 51
. TABLE IX
RELATIVE COMMUTING POSITION OF WORKERS AFTER PLANT
SUBURBANIZATION BY MOBILITY CATEGORIES
WORKERS WHO DID NOT MOVE
CATEGORY I Low Potential; Low Ability (11 workers)
After the Plant Relocated
3 were in a better commuting position than in the city
O were in an equivalent commuting position with the city
1 required only 5 to 10 minutes more than in the city
7 were in a worse commuting position than in the city.
CATEGORY II - High Potential; Low Ability (33 workers)
After the Plant Relocated
8 were in a better commuting position than in the city
0 were in an equivalent commuting position with the city
7 required only 5 to 10 minutes more than in the city
18 were in a worse commuting position than in the city.
CATEGORY III - Low Potential; High Ability (24 workers)
After the Plant Relocated
6 were in a better commuting position than in the city
1 was in an equivalent commuting position with the city
93 required only 5 to 10 minutes more than in the city
8 were in a worse commuting position than in the city.
CATEGORY IV - High Potential; High Ability ('40 workers)
Aftter the Plant Relocated
10 were in a better commuting position than.in the city
4 were in an equivalent commuting position with the city
9 required only 5 to 10 minutes more than in the city
17 were in a worse commuting position than in the city.
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position. Moreover, some also had an increase of only 5 to 10 minutes
and consequently no great incentive to move. These workers total 58
in number, or 53% of the non-movers. Thirty-three (or 30%) of the
remaining workers have either low mobility potential, little ability
to move, or both.
In summary, then, the workers who did not move are either rela-
tively stable in their mobility tendencies, or have no great commuting
disadvantages to the new plant. If movement occurs in the next few
years at the same rate as in the past three years, it would be expec-
ted that most of these movements would be the 17 workers in Category
IV and the 18 workers of Category II who are presently at a significant
commuting disadvantage witg a relatively greater tendency for mobility.
Some movement might also be expected from Category I, depending ohithe
suburban rental market. These expectations would be especially true
if incomes follow the present rising trend. Offsetting this, however,
would be the workers' apparent increase in flexibility of movement.
These considerations, then, introduce new variables in the jour-
ney to work framework - at least in the short run. The principle of
least-effort seems to be distorted and even thwarted in its effects
by considerations steeped in economic, social, and demographic over-
tones.
It must be emphasized, however, that this analysis has been in
broad terms and made up from inexact and rather arbitrary indices.
A number of assumptions have also been implicit in the process and
should be stated here. First, it has been assumed that little or no
rental housing is available in the suburbs, that suburban housing is
primarily new housing, and that ability to move implies the ability
to purchase new housing. 1Secondly, it is assumed that income is not
the only determinant of ability to move and that occupation and edu-
cation have a bearing. Thus a worker's position in this regard is
more precisely potential ability since occupation and education are
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considered a basis for assuming a stability of income. Thirdly, the
analysis does not take into account new family formation so that pre-
diction of future movement from these considerations is very crude,
since such families may have high mobility tendencies. Also forced
moves that might result from evictio, broken families, or destroyed
dwelling units are not accounted for. Finally, the weighting system
for mobility potential is highly questionable in one regard, in that
it assumes one-person families have the least mobility potential of
any family size. It must be remembered in Rossi's study the stimulus
of a changing job location was not present and possibly, for his pur-
poses, this was a true weighting. Also in his study, such workers'
mobility potential would be pushed upward if they were renters and
of a young age. Since tenure was not a part of the index used here
a similar upgrading did not occur and, consequently, such workers in
some cases were assigned a lower potential and, thus, incorrectly
classified.
Conclusions Concerning the Socio-Economic Variables
Admittedly the samples are too small and the indices too crude
to permit any great degree of generalization. However, both in terms
of commuting effort and mobility, the differences pointed out are actu-
ally quite prominent, so that it might be possible to attach a quali-
fied significance to them. Thus a few "plausible" conclusions might
be drawn:
1. Income appears to be a fairly clear-cut variable in the
journey to work, with the journey varying directly with
the size of income.
2. Higher income workers tend to benefit by a plant moving
to the suburbs, since their residence is already estab-
lished there.
31. Younger workers tend to have less commuting effort than
older workers. This is partly a result of greater resi-
dential mobility on the part of younger workers.
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4. Secondary workers exhibit less, job stability. As a
consequence, in the suburban plant such workers are
primarily hired after location in the suburbs from
local communities as secondary workers in the central
city leave these jobs vacant.
5. Single person families exhibit less commuting effort
than all other family sizes.
6. Workers who actually moved appeared to be inherently
more mobile than those that did not. In fact, the
non-movers indicated qualities that tended to make
them more stable while at the same time many of them
were actually at less of a commuting disadvantage
with respect to the new plant in the second phase.
Implications for Planning Applications
The major finding of this study as far as planning applications
are concerned, is that while industry may be following population to
the suburbs, the population employed by recently suburbanized industry
does not reside in the suburbs. Thus, an entirely new traffic pattern
is established contrary to the major flows to the central city. This
works somewhat of a hardship on industrial workers, since no public
transit adequately serves this flow. Employees are, for the most part,
adjusting to the increased commuting effort and, in so doing, are
showing tremendous increases in flexibility and journey to work mobi-
lity. As Reeder states: "This flexibility of movement may have an
effect of reducing residential mobility, (and) increasing job mobili-
ty....."0J This effect seems apparent within the scope of this study.
What changes are necessary if such a pattern expands and grows?'
In some ways this reverse flow serves as an equalizing effect. High-
way flow has shown a tendency to be uni-directional in peak hours.
3 0 Reeder, op. cit., page 63
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TABLE IX
MOVENENT OF WORKERS INTO COMMUNITIES WHERE SUBURBAN
PLANTS LOCATED AND THEIR IAMEDIATELY ADJACENT COMIMUNITIES
Plant Location and
Surrounding Commu-
nities
Workers of Both
Locations Already
Living in Communi-
ty before plant
relocated
Moved to
Community
Wokrs Hired
After Plant
Relocated
Wilmington-Plant 55 4 8
Adjacent Towns 61, 11 2
Tewksbury 2 7 1
Billerica 1 1 0
Burlington 0 0 1
Woburn 2 3' 0
Reading 0 0 0
North Reading 0 0 0
Andover 1 0 0
Sample Size - 100
Waltham- Plant 0 33 2
Adjacent Towns 33 0 1
Lexington 2 0 0
Weston 0 0 0
Lincoln 0 0 0
Newton 0 0 1
Watertown F 0 0
Belmont 0 0 0
No. Employees - 4
Newton - Plant 0 0 55
Adjacent Towns 0 0 6
Watertown 0 0 1
Waltham 0 0 1
Weston 0 0 0
Wellesley 0 0 0
Needham 0 0 33
Dedham 0 0 1
Brookline 0 0 0
No. Employees - 27
Norwood - Plant 4 10
Adjacent Towns 0 1 8
Westwood 0 0 2!
Walpole 0 0 33
Sharon 0 1 0
Canton 0 0 33
No. Employees - 533
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Suburbanizing industry may tend to promote more efficient use of
highways by utilizing the unused capacities inherent in peak hour
flows. It is doubtful that public transit could efficiently serve
such a wide, dispersed area, focused as it is on the central city.
As a result, as industrial suburbanization increases, even greater
intensity of highway use is probable. In the short run, emphasis
will be on radial highways. However, as more and more workers move
out, emphasis would likely shift to circumferential highways provid-
ing even greater diversity in residential locatioh (just as Route #128
does within the framework of this study; refer to Figure 4).
From the point of view of the suburban community, changes-are
gradual, due to a lack of low-price housing and rental units. This is
indicated substantially in Table X where the movement in the locality
of the plant and all immediately surrounding communities was traced.
This movement into the community where the plant located was general-
ly around 5% with a range from 3% to 81 of the total plant employment.
Such is the spread that even the immediately adjacent communities ab-
sorb few of the workers. However, these are only immediate effects.
As housing in the suburbs grows older and suburban rental accommoda-
tions increase, there may be an increasing rate of movement toward the
periphery. Also as incomes rise, more and more workers will be able
to purchase new housing so that, in the long run, workers in suburban
industrial plants may well significantly augment suburban population
in addition to growth arising from suburbanization of the general
population and from natural means.
CHAPTER VI
A FINAL EVALUATION AND ALTERNATIVE APPROACH'
In attempting to evaluate the effectiveness of this study, two
salient features are prominent:
1. The case study analysis with its corresponding small
sample-places most of the findings on a rather tenu-
ous basis. Thus critical analysis was primarily re-
stricted to overall aggregate changes.
2. The study itself was not designed to consider hypo-
theses alternative to the least-effort principle.
Therefore, in analysis, explanation for failure to
arrive at the predicted pattern had to be drawn from
consideration of other variables, without regard to
their actual theoretical relevance. Thus, subsequent
conclusions cbncerning the least-effort principle
could only be suggested rather than asserted.
Evaluation of Sample Data
The first difficulty mentioned above in some ways is quite simple
to overcome. More time is necessary than was allowed in this study
for gathering more extensive and better controlled data. However, mere
replication does not answer all of the inadequacies. Much more detailed
analysis would have been possible, even within the limits of case
studies, had additional variables been included in the design of the
sample. Within the scope and objectives outlined in Chapter I, infor-
mation should have been sought concerning tenure conditions and housing
quality. These two variables would have yielded considerably more in-
sight into the workerst propensity to move. With these same considera-
tions in mind, some 'effort should have been made to compare quantitative-
ly the housing availability and quality in the suburbs with the housing
occupied by the workers in the city. This latter factor is crucial for,
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in spite of the fact that the workers moving do not exhibit the pro-
nounced degree of minimization predicted, it may well be that they
are minimizing their journey to work to the best of their ability due
to restrictive characteristics of the suburban housing market.
Another area where additional variables could be studied to ad-
vantage lies in collection of actual commuting data in addition to the
assumed least-effort data used. By interview sampling, actual commut-
ing effort could be compared .to least commuting effort. Empirically
it is known that the automobile is used extensively in commuting to
the central city, even though public transit in almost every case would
be faster and cheaper. Thus if armed with actual effort data, it might
well be found that more workers are indifferent in their commnting
position to either plant site. In other words, by the technique used,
the influence of the public transit in the city and the assumption of
exclusive automobile use in the suburban plant tends to over-state the
greater flexibility of movement in the suburb. 3 1
Thus the actual commuting data might show a greater tendency to-
ward minimization. However, this is somewhat paradoxical for, if
workers use other than the fastest or least costly mode, they are not
truly minimizing their journey to the fullest possible extent.
Evaluation of Methodology
In spite of the above difficulties, however, least-effort (aside
from being consistent within the framework investigated) is the simp-
lest means by which all commuters can be placed on a comparable basis
regardless of mode or other transport variables. On this basis, vari-
ation in rates and times reflects not only differences in mode but also
31As an illustration: If a worker drives his car to Boston in 40 min-
utes, he might well be able to journey by public transit in 25 min-
utes and this latter figure would be recorded in this study. If,
when the plant moved, he still had to drive 40 minutes to the sub-
urban plant, he would then think he is in an indifferent position.
In this study, however, he would be recorded as having an increase
of 15 minutes in his commuting time.
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differences in adequacy or efficiency of mode, capacity of the way,
and topography. Hence, by this technique, every worker has compar-
able trip characteristics with every other worker with respect to
either plant location.
Analytical techniques possessed many shortcomings and an attempt
was made to state these explicitly in the development of the analysis.
Thus the phase analysis is carried out only within the framework of
Carroll's thesis, and other considerations had to be relied upon for
full explanation. Investigation of socio-economic status groups and
mobility was characterized by coarse, arbitrary measurement, and thus
could only be viewed in a broad manner.
Finally, no effort was made to consider the physiological and
psychological aspects of commuting effort. In terms of fatigue (both
mental and physical) and attitude as to what constitutes the easiest
or most convenient journey, quite different findings may have resulted.
As an illustration, public transit may well be the fastest and cheap-
est mode. But, from some workers' point of view, it may-also be
crowded and uncomfortable and, for these reasons, the most difficult
journey.
Alternative Approaches
The second difficulty mentioned at the beginning of this chapter
is of a more fundamental nature. Alternative hypotheses, if formula-
ted at the outset, would have indicated proper directions so that, in
the event the least-effort hypothesis seemed to fail in explaining re-
sults, those results would have been in a form suitable for test in
the light of other considerations of theoretical relevance. In the
alternative hypotheses which were investigated, the fact that incon-
clusive results were found is not so important as the fact that these
hypotheses were not basically contradictory to the least-effort prin-
ciple so that, even if the data were extensive enough, they would only
serve to supplement Carroll's thesis if it were successful. In short
these hypotheses assume Carroll's statement and are only designed to
- 60 -
refine it by giving status to subgroups within the framework.
Consequently, possible avenues for further study are presented
here in a framework which suggests that the journey to work should
not be considered as dominant in the hierarchy of forces shaping the
32
urban residential pattern.
Carroll makes the statement tha, as an employment center grows in
size, journeys to work increase. However, if no transportation facili-
ties were available, would these journeys increase? It might be
argued that they would only to the effective extent of walking distance
and then densities would increase. A rather sharp, close-in, peri-
pheral boundary would be drawn, and populatiohiwould become more and
more concentrated at the center.
It might further be argued that journeys do not increase because
of competition for close-in sites but, rather, they increase from a
basic desire to get away from close-in sites and that this desire is
restricted by the existing state of transportation technology and
money available for individual commutation expenditures. They might
increase because of delineations of districts between ethnic groups,
income groups, or some functional group. These complexes or districts
may wish to get away from one another so that transportation techno-
logy and available funds restrict their ability to do this. There may
be topographical features driving workers from close-in sites. The
employment center may lie in a flood plain and increased journeys to
work result from a movement to high ground. This too would be re-
stricted by transportation technology and money available. In short
there may be any number of causal factors and a distribution similar
to that Carroll finds would result from the limitations imposed by
transportation and available funds.
Transportation technology, then, sets the basic limits of the
32 This conclusion is evidenced also in other work. Cf. Rossi, op. cit.,
page 167; Reeder, op. cit., page63 ; Grebler, Leo, Housing Mar-
ket Behavior in a Declining Area, Columbia University Press, New
York, 1952, page 122.
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framework. Therefore, any worker theoretically can locate anywhere
in a distance interval between the plant location and the reasonable
distance limit of current transport technology, if no other forces
are acting. Then the journey to work (dr) of a hypothetical worker
lies in the interval between the plant site (de) and the transport
limitation- (d max), and this is the first restricting force on resi-
dential site selection (R ).
The next restricting condition is the ability to pay, or income
(R .). This is a restriction simply because the hypothetical worker
cannot afford all the housing opportunities available to him in the
interval from d to d max, whether he is considering the existing stock
of housing or the constructioh of a new unit.
Following this, there is the restricting force of the housing and
land market (Rm). Under this consideration, of all the possibilities
the worker can afford, only a limited number of existing units or only
a limited amount of land is available.
A further restricting force is the housing needs of the worker
(Rn). With one or two person families space requirements are at a mini-
mum. These requirements become increasingly more important, however,
as family size becomes larger. Thus, as family size increases, this
restricting force becomes more and more of a limitation in the worker's
residential site selection.
Considering all of these forces, the interval in which the worker
can locate his residence becomes increasingly smaller as each variable
is added to the discussion. Thus, within the interval from d to daX9
there lies a smaller interval, d.. to d0a whose boundaries are a func-
tion of income, needs, and the choice available in the market. The
hypothetical worker's journey to work (d,) is then from d to some-
where within the interval d. to d . It should be noted that this in-
:L 0
terval may have an inner boundary. While d may nearly equal d (the
plant site) in some instances, it might as easily be a distance from
d e because of the above forces and because of considerations described
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in the following paragraph.
There are also positive desires, or motivating forces, influencing
a worker's residential site selection. The first ofthese is housing
standards (Mh). Each worker aspires to the highest possible standards
of housing quality and, at the same time, there are standards of quali-
ty below which a worker will not choose under any conditions. Environ-
mental qualities are similarly a motivating force (M ) whereby a worker
e.
chooses a home location because of a desirable neighborhood or desir-
able service standards (schools, community facilities and the like).
Finally, accessibility standards (Ma) (including the journey to work
as well as other journeys) reflect aspirations in site selection de-
pending on which facet of daily activity the worker considers the most
desirable to be near, and also how far he is willing to travel for
other activities.
Thus the restricting forces set the basic location interval and
the motivating forces provide for the variation within this interval.
The journey to work really would be one of the results of all these
forces interacting. The-aggregate pattern for any plant or employment
center, consequently, depends on the wage levels of the workers, their
family needs, the market mechanism, and the motivating forces which
make up consumer behavior with respect to housing. Thus, the work
journey is set in the following framework:
d' is a function of (Mh + M + Ma - i. + R + R )
or: d = f(M: -(R)
in an interval from de to dmax'
where the motivating forces include a whole range of positive aspira-
tions and the restricting forces lessen that range down to a practical
limiting interval.
This, then, is the interval in which the worker has an option to
minimize his journey to work. However, as noted above, he must also
consider other jpurneys as to frequency and type. His -children, for
example, do not have the same ability for movement as he has, and,
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consequently, journey to school (an important journey in daily acti-
vities) must be relatively shorter. Similarly other journeys must
also be considered - e.g., shopping, social contacts, recreation, etc.
Thus it is hypothesized that the worker tends toward minimizing
the sum total of all journeys insofar as possible within limited in-
tervals in which he has a choice to locate his residence. This mini-
mization is further qualified to give different weightings to the fre-
quencies and types of journey.
The derivation of this hypothesis through the process described
is, of course, an oversimplification of residential site selection
which does not account for such things as irrational choices, unusual
pressures within the market mechanism, or 'the multitude of diverse
factors associated with consumer behavior and the housing market pro-
cess. In addition, the form of the hypothesis as stated is non-
operational and more explicit statements of the interactions are neces-
sary. It is hoped, however, that it does suggest study of the journey
to work and the whole problem of accessibility in a light which might
prove fruitful in further development of a theoretical concept of the
role of transportation in residential growth.
Means for Testing the Alternative lypothesis
The line of reasoning in the above section suggests avenues for
further research. Studies might be undertaken to determine a defi-
nition of a reasonable maximum of commuting distance and its evolution.
Examination of historical patterns might lead to explicit formulation
of conditions leading to transport innovation and the effects of such
innovation on the pattern of residential growth. A study of recent
technological developments in the transportation field might lead to
specific prognostication concerning future commutation limits and
general growth patterns.
In terms of restricting forces, a study using similar techniques
as this investigation, and carried out under conditions where the
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place of work is similarly shifted, might trace out movement (or lack
of movement) in terms of rental patterns and with respect to accessi-
bility. Correlated with this would be housing availability and the
incomes of the workers under study to indicate the ranges of choice
whereby a worker inclined to-move would be able to do so. These con-
ditions could then be examined as to whether journeys to work (or
other journeys) were minimized within these limitations.
Error would be inherent in such a study unless some means of
measuring motivating forces toward environmental qualities were devised.
This might be accomplished by interviewing workers that move and recor-
ding their expressed specifications in choosing the locations they did.
This could be accomplished ini a manner similar to the technique of
Rossi. However, quantitative analysis of these forces would be ex-
pected to be much more difficult than would be the case with the re-
stricting forces.
A Final Summation
In investigating the effects of Carroll's hypothesis that workers
tend to minimize their journey to work, a shift in the independent vari-
able of his framework, the work-place location,iexposed many subtleties
and obscure effects which indicated a general inadequacy in the opera-
tional capacities of the hypothesis (as well as shortcomings in the
techniques designed to test the hypothesis in this study). The hypo-
thesis was neither proved nor disproved, but it failed in precise pre-
diction due to evidence of the presence of other forces. These seemed
to be manifested in the interrelationships between income, family mobi-
lity, and variations in the housing market with a general result of
overall increased journey to work flexibility.
Within the scope of the analysis, the following conclusions seem
most prominent:
1. Workers regrouping about the new suburban plant show a tendency
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toward minimization of journey to work, but, at the same time,
show a markedly greater dispersal than when the plant was in
its former location.
2. Workers who did not move either had no appreciable increase
in commuting effort or exhibited tendencies toward less resi-
dential mobility than the workers that moved.
3. Income appears to be an important variable in the journey to
work with the journey increasing as income increases.
4. Workers of low job stability tend to indicate significantly
lower commuting effort.
5. Single person families and younger workers tend to have lower
commuting effort coupled with a high degree of mobility poten-
tial.
6. Suburbanization of an industrial plant seems to precede the
working force of that plant in the periphery, thereby setting
up traffic flows from the central city to the suburbs.
Thus this investigation suggests future considerations should re-
legate journey to work to a subservient role in the patterning of resi-
dential development, rather than to a primary causal factor. More
attention should be devoted to the locational influences of income,
social desires, and local housing market analysis in a framework which
includes all aspects of accessibility.
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TABLE II
RAIL COMMUTING TIMES AND FARES-
All Times and Fares are from South Station or North Station, Boston,
and are minimum values at commuting hours.
Sources: Timetables and Fare Rates provided
listed.
by the fthree railroads
From South) Station to .
(North)
Lawrence Haverhill Line
East Somerville
Edgeworth
Malden
Oak Grove
Wyoming
Melrose
Melrose Highlands-,
Gkeenwood
Wakefield Junction
Wakefield
Reading
Reading Highlands;
North Wilmington
Lowell Junction
Ballardvale
Andover
Lawrence
Portsmouth Line
East Somerville
Everett
Chelsea
Forbes-
Lynn
East Lynn
Swampsontt
Salem-
Beverly
Unitedi Shoe Machinery
North Beverly
Hamiltont & Wenham:
Ipswi ch
Rowley
Newbunyport
Time
in
min.
Railroad
Boston &-
Maine RR
Boston &-
Maine RR
Commuter-
Cost 0
per trip
20.0
20.0
20.0
21.8
23.6
23.6
2504
2702
29 0
29.0-
32.2
33.8
3906
44.0
45.1
47.6
51.3
20.0
20.0
20.0
20.0
32.2
33.8
3308
39.6
42.6
44.0
45.2
47.5
53. 63
58.3
64.0
4
10'
12
14.
17
19
22
24
25.
28
33
37
40
45
47
52
63
4-
7
10
12
16
18
19
25,
3F
346
35?
38
45)
50.
60
00 C
TABLE II (Continued)
Railroad From (South) Station
(North)
to . . .
Boston &I
Maine RR
Boston &
Maine RR
Bbston &:
Maine RR
Boston &-
Maine RR
Time
in
min.
Gloucester Branch
Salem
Beverly
Montserrat
Prides, Crossing
Beverly Farms:
Manchester
West Gloucester
Gloucester
Rockport
Marblehead Branch
Swampscott
Phillips Beach
Beach Bluff
Clifton
Devereau-
Marblehead
Lowell Line
North Somerville
Tufts College
Medford Highlands
West Medford
Wedgemere
Winchester
Winchester Highlands
Walnut Hill
South Wilmington
Wilmington
Silver Lake
East Billerica
West Billerica
Bleachery
Lowell
Woburn Loop
Winchester
Cross- Street
Woburn Highlands-
Woburn
Central Square
North Woburn
25
31
34
38
40
44
50
55,
63.
19
23
25,
27
29'
32
9
10
8
10
14
16
21
22
26
29-
33
37
42
48
52:'
16
19I)
22
25,
28
31
Commuter-
Cost #
per trip
39.6
42.6
44.0
47.5
47.5
51.3
56.0
58.4
63.4
33.8
37.0'
37.0!
38.4
39.6
41.2
20.0
20.0
20.0
20.0
25.4
25.4
27.2
30.6
33.8'
38.4
39..6
44.0
46.4
50.0
51.3
25.4
27.2
29.0
29.0
30.'
33.8
069,
TABLE II (Continued)
From (South) Station to- .. .
(North)
Boston &:
Maine RR
Boston &:
Maine RR
Time
in
min.
Stoneham. Branch
Winchester
Gkape Street
Lindenwood
Farm Hill
Pleasant Street
Stoneham
Fitchburg Line
Cambridge
Belmont
Waverly
Clematis Brook
Beaver Brook
Waltham
Riverview
Roberts (Brandeis Univ.)
Stony Brook
Kendal Green
Hastings
Silver Hill
Lincoln
Concord
West Concord
South Acton
West Acton
Littleton
Ayer
Clinton Branch
Waltham
Waltham Highlands
Weston
Cherry Brook
Tower Hill
Wayland
East Sudbury
South Sudbury
Ordway
Gleasondale
Hudson
Berlin
Clinton
16:
27
3D0
32'
36
39,
8
14
17
19
21-
233
25.-
28
30
33-.
363
38
42
32
3ra
43--
47
54
61
23-
263
32
35
381
40
44'
46
52
563
633
85
Commuter-
Cost 0
per trip
Railroad
(47)
51:)
(58)
(62)
(69)
(76)
Boston &:
Maine RR
25.4
29.0
30.6
32.2
32.2
33.8
20.0
23'.6
25.4
27.2
29.0
29.0
30.6
32.2
33.8
35.4
35.4
37.X
39. 6
45.1
46,4
51.31
52.3
58.3
64.3
29.0
30.6
33.8
35.4
38.4
39.6
42.6
44.0
48,8-
51.3
53,6
58.3
64.3
TABLE II (Continued)
From (South) Station to . .
(North)
Boston &:
Maine RR
Boston &.
Albany RR
Boston &
Albany RR
Lexington Branch
Cambridge
Lake Street
Arlington
Brattle
Arlington Heights
East Lexington
Pierces; Bridge
Munroe
Lexington
North Lexington
Bedford
Maino Line
Trinity Place
University
Allston
Brighton
Faneuil
Newton
Newtonville
West Newton
Auburndale
Riverside
Wellesley Farms
Wellesley Hills.-
Wellesley
Natick
Framingham
Ashland
Westboro
Worcester
Highland Branch
Trinity Place
Longwood
Brookline
Brookline Hills-
Beaconsfield
Reservoir
Chestnut Hill
Newton Centre
Railroad Time-
in
min.
Commuter
Cost 0
per trip
7i
14'
18
22
26.
29'
32
34
38
43
51
5'
9
12
15
18
15
18
21
24
27
31
34
37
42
53-
60
73
97
5.
10
13
15
18
20
23
26.
20.0
21.8
23.6
25 4
27.2
27.2
29.0
30.6'
32.2
33.8
37.0
20.0)
20.0
20.6
22.6
22.6
27i.4
29.4
31.4
33.2
33.2
36.9
38.2
3904
43.63
49.4
53.5
59.3
76.3
20.0
20.0
20.0
20.6
22.6
220 .6
25.2
2904.
TABLE II (Continued)
Railroad From (South) Station to . . . Time Commuter
(North) in Cost 0
min. per trip
Newton Highlands 30 29.4
Eliot 331 31.41
Waban 37 33.2
Woodland 42 35.0
Riverside (via Highland Br.) 48 36.9
Newton Lower Falls 29 36.9
(change at Riverside)
New Haven Providence Line (Shore Line)
RR Back Bay 5 20.0
Mount Hope 13 20.0.
Hyde Park 16 23.5
Readville 21 25.2
Route 128 16 28.0
Canton Junction 20 31.4
Sharon 25 36.0
East Foxboro 30 40;8
Mansfield 33 42.8-
Attleboro 42 47.4
Pawtucket - Central Falls, R.I. 50 51.5-
Providence, R.I. 58 59.2
New Haven New Bedford Branch
RR Canton Junction- 20 31.4
Canton 24 31.9)
Stoughton 29 36.0
North Easton 36 40.8
Taunton 56 48.6-
New Bedford 84 77.3?
Fall River 84 67.7
New Haven Hartford - Waterbury Branch
RR Readville 21 25.2
Endicott 25 26.6
Rust Craft 28 28.0
Islington 28 29.5
Norwood 32 31.5
Norwood Central 34: 31.5
Plimptonville 41 34.9
Walpole 41 37.4
Norfolk: 47 42.0
Franklin 533 45.1
Blackstone 65. 49.9,
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TABLE II (Continued)
Railroad
New Haven
RR'
New Haven
RR
New Haven
RR
New Haven
RR'
From (South) Station to
(North)
0 .
Dedham Line
Readville.
East Dedham
Stone Haven
Dedham
Needham Line
Roslindale
Bellavue
Highland
West Roxbury
Bird' s Hill
Needham Junction
Needham
Needham Heights,
Dover
Medfield Junction
Millis-
Medway
West Medway
Greenbush Line
Quincy
Braintree
East Braintree
Weymouth
Weymouth Heights
East Weymouth
Hingham
Cohasset
North Scituate
Egypt
Scituate
Greenbush
South Braintree Line
Atlantic:
Morfolk Downs
Wollaston
Quincy
Quincy Adams
Braintree
South Braintree
Time
in
min.
21'
28
31
33
18
23
26-
29
37
40
43'
46'
48
58
66
72
763
1-2
18
22
26
30
3-5
42
50
54
58
61
65
9
11
13,
16
18
20
24
Commuter
Cost 0
per trip
25.2
26.6
28.0
28.0
20.0
21.8
21.8
23.5
26.6
29.5
29.5
30.6
31.9
37.5
40.8
42.8
44.4
27.4
33.2
35.0
35.0
38.31
39.4
43.6
4904
52.5
5305
55.5
66.5
23. 0
25.2
25.2
27.4
29.5
33.2
35.0
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TABLE II (Continued)
Railroad From South) Station to . . . Time Commuter
(North in Cost 0
min. per trip
New Haven Plymouth Line
RR Quinoy 16 27.4
Braintree 20 33.2
South Braintree 24 35.0
South Weymouth 26 39.4-t
North Abington 31 43.6
Abington 35 46.7
Whitman 39 49.4
South Hanson 46; 53.5
Monponsett 51 56.5
Kingston 60 60.3
Plymouth 68 64.0
New Haven Cape Cod Line
RR South Braintree 24 35.0
Braintree Highlands- 2' 36.9
Holbrook - Randolph 30 39.4
Montello> 35 45.0
Brockton 38 48.1
Campello, 40 49.4
Bridgewater 42 55.5
Middleboro 48 60.6
TABLE III
OPERATING COSTS FOR PASSENGER CARS IN RURAL AREAS -
Tangent Roadway, O-3f% Grades:
SOURCE: L.I. Hewes &-C.H. Oglesby, Highway Engineering, John Wiley &-Sons,
New York, 1954, page 45; from A Committee Report-on Road User Benefit
Analysis for Highway Improvement, American Association of State High-
way Officials, November 1951.
Surface Condition
Type of Run-
Opera- ning
tion
Operating Costs in 0/vehicle-mile
Speed Fuel Tires; Oil
Maint. Depre-
and cia-
Repairs tion Total
Divided Pavement in Good
Condition.,
Pavement in Good
Condition;
Free 40
44
48
52
56
60
Normal 32
36
40
44
48
52
56
Restric'- 28
ted 32
3-6
40:
44'
Free 32
36
40
44
48
52
56;
60
Normal 28
32
36
40'
44
48
Restric- 20
ted 24'
28
32
36
40
1.751.
1.83"
1.93
2.05
2.20
2.39'
1.62
1.67
1.75
1.85,
1.99
2.20
2.55.
1.58
1.62
1.70
1.82
2.01
1.62
1.67
1.75.
1.85
1.99
2.20
2.55
3.19.
1058
1.62
1.70
1.82
2.01
2.37
1.60
1.58
1.59
1.64
1.75.
1.99
0.28 0.12
0.34 0.14
0.41 0.16
0.47 0.19
0.54 0.25-
0.56 0.35
0.23 0.10
0.27 0.11
0.32 0.12
0.38 0.14
0.45 0.16
0.53 0.19
0.60 0.25
0.24 0.10'
0.28 0.10
0.33 0.11
0.39 0.12
0.4t 0.14
0.21 0.10
0.26 0.10'
O032 0.12
0.40 0.14
0.50 0.16
0.63 0.19
0.75 0.25
0.84 0.35.
0.191 0.10
0-23 0.10
0.29 0.11
0.36 0.12
0145 0.14
0.56 0.16
0.18 0.09
0.21 0.09"
0.24 0.10
0.29 0.10',
0.36 0.11
0.45 0.12
Class ofz
Highway
Two
Lane
0.80
0.80
0.80
0.80
0*80
0.80
0.80
0.80
0'.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0 ;80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0080
0.80
0.80
0.80
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00'
1.00
1.,00
1.00
1.00
1.00
1 .00
1.00
1.00
1.00
1 .001.001.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
3.951
4.11
4.30.
4.51
4.79
5410
3.75
3.85
3T.99
4.17
4.40
4.72
5.20
3..72
3.80
3.94
4.13'
4.42
373
3.83
3.99
4.19
4045.
4.82
5.35
6.18
3.67
3 .75
3.90
4.10
4.40
4.89
3.67
3.68
3'.83
4.02
4.3
-75-
TABLE IIT(Continued)
Operating Costs in 0 per vehicle-mile
Type of Run- Maint. Depre-
Class of Opera- ning and cia-
Highway Surface Condition tion Speed Fuel Tires Oil Repairs tion Total
Two Loose Surface in 20 1.81 0.44 0.12 1.20 1.00 4.57
Lane Good Condition 24 1.18 0.50 0.12 1.20 1.00 4.60
28 1.18 0.57 0.13 1.20 1.00 4.68
32 1.84 0.655 0.14 1.20 1.00 4.83
36 1.93 0.75" 0.15 1.20 1.00 5.03
40 2.09 0.87 0.17 1.20 1.00 5.33
44 2.35 1.01 0.19 1.20 1.00 5.75
Unsurfaced 16 2.36 0.53 0.17 1.60 1.00 5.66'
20 2.24 0.61 0.18? 1-60 1.00 5.63
24 2.20 0.71 0.18 1.60 1.00 5.69
28 2.20 0.82 0.19 1.60 1.00 5.81
32 2.29'0.96 0.20 1..60 1.00 6..05
36 2.44 1.07 0.21 1.,60 1.00 6.32
ASSUMPTIONS IN DETERMINATION OF OPERATING COSTS
Running Speed is the distance traveled divided by the running time - the time the
vehicle is in motion
Vehicle operation is classed as "restricted" when the ratio between the 30th high-
est hour volume and practical capacity exceeds 1.25
Vehicle operation is classed as "normal" when the ratio between the 30th highest
hour volume and practical capacity lies between 0.75 and 1.25
Vehicle operation is classed as "free" when the ratio between the 30th highest
hour volume and practical capacity is less than 0.75
Fuel use was figured at 280 per gallon of gas
Oil use was figured at 30g per quart
For oil consumption, no data was gathered on other possible variables like the use
of filters or more frequent oil changes
Assumed tires would normally be changed when 85A of tread was gone (100o determinedT
by the wear on tires used in AASHO tests). Rate of wear was assumed at 125A
of rate .on test tires used by AASHO to account for ordinary driver not using
all possible measure to prolong tire life. Rate of wear increased another
201 to "recognize that 'average wear' is greater than that on a vehicle
traveling at average speed, because of the excessive wear on the tires of
vehicles travelling at high speeds"
Data not refined to include effect of grades higher than 3% on tire wear or effect
of curves on tire wear
Assumed set of 4 tires costing $100 ($25 per tire)
Vehicle repair and maintenance was assumed at one third the figures derived in a
1939 study. Evidence indicates continual decrease since 1939 of amounts spent
per mile for repair and maintenance due to improved car design (and somewhat
due to improved highways) even though the cost of labor and narts has increased
considerably. No variation for different operating donditions was recognized
Depreciation differentiated between that due to miles driven and that due to age ofi
vehicle (the latter being amortization). Depreciation was split half-and-half
between the two. Assumed life - 100,000 miles; driven for 10 years at 10,000
miles per year. First Cost assumed at $2000; Salvage value neglected.
Committee examined costs of stopping and starting a vehicle but these are not-
included in table
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TABLE IV - AUTOMOBILE COSTS
Source: Your Driving Costs, American Automobile Association, Washington,
D.C., 1955, based on study of same year by Runzheimer & Company,
. Cost Accountants, Chicago
Assumptions:
Car in $2000 price class (Ford, Chevrolet, Plymouth, etc.)
Driven not over 18:,000 miles per year
Variable Costs
Gasoline and Oil
Maintenance
Tires,
Total Average per mile cost
Fixed Costs
Fire & Theft Insurance
Property Damage & Liability Insurance
License Fees
Depreciation
Total Annual Fixed Cost
Average per mile
2..29 0
0.74 0
0.51
3.54 g
Annual Outlay
$17.81
86.65
16.83
477.36
$598.65
(or $1.64 per day)
If Car is driven 10,000 miles per year
Variable Costs: 10,000 miles @ 3.54g per mile . . . . . . $354.00
Fixed Costs: 365 days @ $1.64 per day . . . . . . . . 598.65
Total Annual Cost . . . . $952.65
Total per mile Cost . . . 9.53g per mile
(For annual mileages in excess of 18,000 allow $10.92 per thousand miles
over 18,000 for depreciation)
"Since the variable costs cited above were computed on the basis of average
driving speed, it should be remembered that as the driving speed increases-
so does the cost of operation per mile."
(An annual allowance of $25 a year for repairs is included in the above
maintenance figure)
NOTE: These figures were not used to plot the cost maps. They are in-
cluded only as a comparison to the much more extensive AASHIO study
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TABLE V
DISTRIBUTION OF EMPLOYEES BY
TIME AND COST FOR PLANT NO. 1
LOCATIONS: CAMBRIDGE AND
VILMIN GT ON
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
5 12 12 14.8
5-10 11 11 13.6
10-15 15 15 18.5
15-20 13 4 2 19 23.5
20-25 1 1 4 1 1 8 9.9
25-30 1 1 1 -3 3,7
10-35 3 4 4.9
35-40 1 1 4 4.9
40-45 1 1 1.2
45-50 2 2 2.5
50-55 0 0.0
55-60 1 1 2 2.5
over 60 0 0.0
Total 52 5 7 4 6 2 2 1 2 0 81
Tota 64.2 6.2 8.6 4.9 704 2.5 2.5 1.2 2.5 0.0 100.0
CITYPLANT LOCATION:
PLANT LOCATION: SUBURB
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Tota1 Total
0-5 6 6 6%
5-10 13 1 14 14
10-15 3 1 4 7 15 15
15-20 3 3 3
20-25 10 6 1 2 1 1 21 21
25-30 7 5 2 4 18 18
30-35 8 3 11 11
35-40 1 4 1 6 6
40-45 1 1 2 2
45-50 1 1
50-55 1 1 1
55-60 1 1 2 2
over 60 0 0
Total 22 1 5 20 6 8. 16 7 10 5 100
Total 22 1 5 20 6 8 16 7 10 5 100
00
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TABLE VI
DISTRIBUTION OF EMPLOYEES BY
TIME AND COST FOR PLANT NO. 2
LOCATIONS: CAMBRIDGE AND
WALTHAM
PLANT LOCATION:
COST ZONES -IN CENTS PER TRIP
% of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
0-5 9 9 6.4
5-10 24 24 17.0
10-15 32 32 22.7
15-20 22 6 2 1 31 22.0
20-25 5 3 5 13 9.2
25-30 1 1 4 6 4.3
30-35 2 1 2 1 6 4.3
35-40 3 6 1 10 7.1
40-45 1 2 3 2.1
45-50 1 3 4 2.8
50-55 1 1 0.7
55-60 1 1 0.7
over 60 1 1 0.7
Total 93 9 3 10 12 5 6 0 2 1 141
% of
Ttl65.9 6.4 2.1l 7.1 8.5 3.5 4,3 0.0 1.4 0.8, 100.00
UITY
PLANT LOCATION: SUBURB
COST ZONES IN CENTS PER TRIP
% of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
_ _5 2 2 4.2
5-10 5 5 10.6
10-15 2 4.3
15-20 1 1 1 3 6.4
20-25 1 1 1 3 6.4
25-30 4 7 2 1 14 29.8
30-35 3 1 4 8 17.0
35-40 4 4 8.5
40-45 1 1 1 3 6.4
45-50 2 2 4.3
50-55 0 0.0
55-60 0 0.0
over 60 1 1 2.1
Total 8 1 1 6 7 4 8 5 1 6 47
Total 17.1 2.1 2.1 12.8 14.9 8.5 17.1 10.6 2.1 12.8 100.0
0
0
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TABLE VII
DISTRIBUTION OF EMPLOYEES BY
TIME AND COST FROM PLANT NO. 3
LOCATIONS, SOUTH BOSTON AND
NORWOOD
PLANT LOCATION:
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
_-5 4 4 12.1
5-10 12 12 36.4
10-15 2 2 6.1
15-20 8 8 24.2
20-25 2 3 5 15.2
25-30 1 1 3.0
30-35 1 1 3.0
35-40 
_ 0 0.0
40-45 0 00
45-50 0 00O
50-55 0 0.0
55-60 
0 00
over 60 0 0.0
Total 26 3 3 0 1 0 0 0 0 0 33
Total 78.8 9.1 9.1 0.0 3.0 0.0 0.0 0.0 0.0 0.0 100.0
n-rrey
PLANT LOCATION: SUBURB
COST ZONES IN CENTS PER TRIP
% of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
_ -5 14 14 26.4
5-10 9 1 10 18.9
10-15 2 2 6 11.3
35-20 2 1 1 4 7.5
20-25 1 1.9
25-30 2 1 1 4 7.5
30-35 2 1 1 1 5 9.4
35-40 -_ 1 1 1 3 5.7
40-45 1 1.9
45-50 2 2 308
50-55 0 0.0
55-60 i1 i69
over 60 2 2 3.8
Total 25 3 3 1 0 5 3 3 3 7 53
Total 47.1 5*7 5.7 1.9 0.0 9.4 157 5.7 5.7 13.2 100.0.
Co
I-I
-f
Z
rI)
Go
H
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TABLE VIII
DISTRIBUTION OF EMPLOYEES BY
TIME AND COST FOR PLANT NO. 4
LOCATIONS: BOSTON AND NEWTON
CITYPLANT LOCATION:
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
_-51 1 5
5-10 1 1 5
10-15 4 4 20
15-20 5 1 
7 35
20-25 1 1 2 10
25-30 1 1 1 3 15
30-35 1 1 5
35-40 0 0
40-45 0 0
45-50 1 1 5
50-55 0 0
55-60 0 0
over 60 0 0
Total 13 2 2 0 1 1 0 1 0 0 20
% of
Ttl 65 10 10 0 -5 5 10 5 0 .0 100
PLANT LOCATION: SUBURB
COST ZONES IN CENTS PER TRIP
% of'
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
0-5 4 4 14.8
5-10 1 1 3.7
10-15 4 1 2 7 26.0
15-20 1 3 4 14.8
20-25 1 1 3.7
25-30 2 2 7.4
30-35 1 1 3.7
35-40 2 1 2 5 18.5
40-45 1 3.7
45-50 1 1 3.7
50-55 0 0.0
55-60 0 0.10
over 60 0 0.0
Total 10 2 5 0 1 0 2 0 1 6 27
% of 37.1 7.4 18.5 0.0 3.7 0.0 7.4 0.0 3.7 25.9 100.0
TotalIIIIIIIII ,III
0
00
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TABLE IX
DISTRIBUTION OF PROFESSIONAL
AND MANAGERIAL W0RKERS BY
TIME AND COST FROM CETRAL
CITY PLANT LOCATION AND
FROM SUBURBAN PLANT LOCATION
CITYPLANT LOCATION:
COST ZONES IN CENTS PER TRIP
%Of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
0- 5 1 ___,__
5-10 2 2 4*2
10-15 3 3 6.2
15-20 7 3 2 12 25.0
20-25 1 3 1 1 7 14.6
25-30 1 2 2 5 10.4
30-35 1 3 6.2
35-40 4 3 1 8 16.7
40-45 2 1 3 6.2
45-50 1 1 2.1
50-55 1 2.1
55-60 2.1
over 60 1 1 2._
Total 14 5 7 8 5 4 2 1 1 1 48
ot 29.1 10.4 14.6 16.7 10.4 8.3 4.2 2.1 2.1 2.1 100.0
PLANT LOCATION:
COST ZONES IN CENTS PER TRIP
% of
0-20 20-25 25-30 .30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
_-5 2 2 6.5
5-10 1 1 1 3 9.8
10-15 4 1 1 6 19.3
15-20 1 1 3.2
20-25 4 4 8 25.8
25-30 3 3 6 19.3
30-35 0 0,0
35-40 1 1 2 6.5
40-45 0 0.0
45-50 1 1 3.2
50-55 1 3.2
55-60 1 1 3.2
over 60 0 0.0
Total 7 1 2 5 4 1 0 3 4 4 31
Total 22.6 3.2 6.5 16.2 12.9 3.2 0.0 9.8 12.9 12.9 100.0
CD
00
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TABLE X
DISTRIBUTION OF CLERICAL
WORKERS BY TIME AND COST FROM
CENTRAL CITY PLANT AND FROM
SUBURBAN PLANT LOCATION.
PLANT LOCATION:
CITY
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
5 4 4 12.9
5-10 4 4 12.9
10-15 7 7 22.6
15-20 5 2 1 8 25.8
20-25 1 2 3 9.8
25-30 1 1 2 6.4
30-35 1 1 3.2
35-40 0 00
40-45 0 0.0
45-50 2 2 6.4
50-55 0 0.0
55-60 0 0.00
over 60 0 0.0
Total 22 4 2 0 1 0 2 0 0 0 31
otal 71.0 12.9 6.5 0.0 -3.2 0.0 6.5 0.0 0.0 0.0 100.0
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
5 8 8 25.0
5-10 6 6 18.8
10-15 2 1 2 5 15.6
15-20 1 2 6.3
20-25 1 1 3.1
25-30 1 1 1 3 9.3
30-35 1 1 2 1 5 15.6
35-40 1 1 2 6.3
40-45 0 0.0
45-50 0 0.0
50-55 0 0.0
55-60 0_______ 0.0o
over 60 0 0.0
Total 16 2 3 1 2 2 3 0 2 1 32
% of 50.0 6.3 9.4 3.1 6.3 6.3 9.4 0.0 6.3 3.1 100.0
Total
00
00
S3UBUTR BPLANT LOCA TION:
089
TABLE XI
DISTRIBUTION OF FOREMEN AND
CRAFTSMEN BY TIME AND COST
FROM CENTRAL CITY PIANT
LOCATION AND FROM SUBURBAN
PLANT LOCATION
CITYPLANT LOCATION:
COST Z0NES IN CENTS PER TRIP
% of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
_ _5 6 6 13.6
5-10 5 5 11.4
10-15 9 9 20.5
15-20 11 1 1 13 29.5
20-25 1 2 3 6 13.6
25-30 1 1 2.3
30-35 1 2.3
35-40 2 1 3 6.8
40-45 0 00
45-50 0 0.0
50-55 0 00
55-60 0 -0.0
over 60 0 0.0
Total 1 3 1 5 1 1 0 0 0 44 100.0
ot 72.6 8.3 6.8 2.3 11.4 2.3 2.3 0.0 0.0 0.0 100.0
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
0-5 2 2 6.9
5-10 4 4 14.0
10-15 1 2 3 10 .3
15-20 1 -2 3 10.3
20-25 1 1 1 3 10.3
25-30 2 2 6.9
30-35 1 2 3 10.3
35-40 1 2 3 10.3
40-45 1 1 2 6.9
45-50 2_2 6.9
50-55 0 0.0
55-60 
-_1 1 2 6.9
over 60
____ _ _ ___ ___ __ ___ ___ 0 6.9
Total 7 2 1 3 2 0 3 3 4 4 29 100.0
Total 24.3 6.9 3.4 10.3 6.9 0.0 10.3 10.3 14.0 14.0 100.0
(0
SUJB UR BPLANT LOCATION:
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TABLE XII
DISTRIBUTION OF, OPERATIVE
WORKERS BY TIME AND COST
FROM CENTRAL CITY PLANT
LOCATION AND FROM SUBURBAN
PLANT LOCATION
CITY
PLANT LOCATION:
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
-5 10 10 9.1
5-10 24 24 21.8
10-15 30 30 27.4
15-20 18 2 20 18.2
20-25 4 3 2 9 8.2
25-30 1 2 3 2.7
30-35 1 3 1 5 4.5
35-40 2 1 3 2.7
40-45 1 0.9
45-50 1 2 3 2.7
50-55 0 '0.0
55-60 2 2 1.8
over 60 0 0.0
Total 87 5 2 3 5 2 3 . o 3 0 110
T of 7
Total 79*1 4.5 1.09 2.7 4.,5 1.09 2.7 0.0 2.7 0.0 100.00
PLANT LOCATION: SUBURB
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
0- 5 9.__ ___ 9 9
5-10 1111 1
10-15 1 2 3 5 1 12 12
15-20 1 3 4 4
20-25 5 2 3 1 1 12 12
25-30 2 4 7 7 1 1 22 22
30-35 2 5 5 12 12
35-40 5 1 1 1 8 8
40-45 1 2 1 4 4
45-50 3 3 3
50-55 0 0
55-60 0 0
over 60 3 3 3
Total *21 2 4 15 6 13 17 8 4 10 100
% of 21 2 4 15 6 13 17 8 4 10 100
To tal
093
TABLE XIII,
DISTRIBUTION OF LABORERS;' SER-
VICE WORKERS, AND UNCLASSIFIED
WORKERS BY TIME AND COST FROM
CENTRAL CITY PLANT LOCATION AHD
FROM SUBURBAN PLANT LOCATION
CITY
PLANT LOCATION:
COST ZONES IN CENTS PER TRIP
%Of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
5 5 5 12.5
5-10 13 13 32.5
10-15 4 4 10,0
15-20 7 3 1 1 12 30.0
20-25 5, 1 1 2.5
25-30 2 2 5.0
30-1 1 2 5.0
35-40 0 0.0
40-45 0 0.0
45-50 1 1 2.5
50-55 0 0.0
55-60 0 0.0
over 60 0 0.0
Total 29 4 1 2 2 1 0 1 0 0 40
% of 72.5 10.0 2.5 5.0 S.0 2.5 0.0 2.5 0.0 0.0 100.0
Total _1 1 1 1_1__1_ ___ I __
S UBUR BPLANT LOCATION:
COST ZONES IN CENTS PER TRIP
% Of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
_-5 5 
5 14.3
6 6 17.1
10-15 2 2 1 5 14.3
15-20 1 2 3 8.6
20-25 1 1 2 5.7
25-30 2 1 2 5 14.3
30-35 3 1 1 5 14.3
35-40 1 3 8.6
40-45 1 1 2.8
45-50 0 0.0
50-55 0 0.0
55-80 0 0.0
over 60 0 0.0
Total 14 0 4 4 0 1 5 1 1 5 35
Total 40.0 0.0 11.4 11.4 0.0 2.8 14.3 2.8 2.8 14.3 
100.0
CD
095
TABLE XIV
DISTRIBUTION OF ANNUAL IN CD1E
GROUP $2000-$2999 BY TIME AN D
COST FROM CENTRAL CITY PIANT
LOCATION AND FROM SUBURBAN
PLANT LOCATION
CITYPLANT LOCATION:
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 T40-45 45-50 50-55 55-60 over 60 Total Total
_-5 5 5 14.2
5-10 12 12 34.3
10-15 8 8 22.9
15-20 5 5 14.2
20-25 1 
____1 2.9
25-30 1 1 2 5.7
30-35 1 2.9
35-40 0 0.0
40-45 0 ~0.0
45-50 
0 0.0
50-55 0 OQ0
55-60 1 1 2.9
over 60 0 0.0
Total 30 1 1 2 0 0 0 0 1 0 35
T of -
Total 185.97 2.9 2.9 5.7 0.,0 0.90 0.0 0.0 2,9 0.0 100.00
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
0-5 6 6 30
5-10 6 6 30
10-15 1 1 2 10
15-20 1 5
20-25 0 0
25-30 0 0
30-35 1 2 1 4 20
35-40 1 1 5
40-45 0 0
45-50 0 0
50-55 0 0
55-60 0 0
over 60 0 0
Total 13 0 1 0 0 1 4 1 0 0 20
% of6
Total 65 0 5 0 0 5 20 5 J 0 .100
0:
SUBUR BPLANT LOCA TION:
TABLE XV
DISTRIBUTION OF ANNUAL INCOME
GROUP $3000-3999 BY TIME AND
COST FROM CENTRAL CITY PLANT
LOCATION AND FROM SUBURBAN
PLANT LOCATION
CITY
PLANT LOCATION:
COST ZONES -IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
5-10 25 25 21.3
10-15 23 23 19.6
15-20 17 5 2 1 N 25 21.3
20-25 4 5 2 11 9.4
25-30 2 1 2 5 4*3
30-35 1 3 1 5 4*3
35-40 3 3 2.6
40-45 1 0.9
45-50 1 4 5 4.3
50-55 1 0 .9
55-60 0 0.0
over 60 0 0.0
Total 84 10 4 3 8 2 5 0 1 0 117
%-of
Total 71.8 8.5 3.4 2.6 6.8 1.7 4.3 0.0 0.9 0.0 100.0
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
-_5 15 15 13.5
5-10 13 13 11.7
10-15 4 3 4 2 1 14 12.6
15-20 1 3 2 6 5.4
20-25 1 3 2 1 1 8 7.2
25-30 4 6 4 6 1 21 19.0
30-35 1 2 6 4 1 1 15 13.5
35-40 4 1 2 3 10 9.0
40-45 1 2 3 2.7
45-50 4 4 3.6
50-55 _0 0.0
55-60 0 0,0
over 60 2 2 1.8
Total 33 4 7 11 9 8 17. 6 3 13 117
otal 29.7 3.6 6.3 9.9 8.1 7.2 15.4 5.4 2.7 11.7 
100.0
CD
00
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TABLE XVI
DISTRIBUTION OF ANNUAL INCOME
GROUP $4000-$4999 BY TfIIE AND
COST FROM CENTRAL CITY PLANT
LOCATION AND FROM SUBURBAN
PLANT LOCATION.
CITYPLANT LOCATION:
COST ZONES IN CENTS PER TRIP
% of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
_5 7 10.6
5-10 4 6.1
10-15 19 19 28.8
15-20 14 4 18 27.2
20-25 2 2 4 6.1
25-30 1 1 2 3.0
30-35 4 6.1
35-40 1 2 1 4 6,10
40-45 1 1 1.5
45-50 1 1 1.5
50-55 0 0.0
55-60 1 1.5
over 60 1 1 1.5
Total 46 4 1 3 5- 1 2 1 2 1 66
otal 69.7 6.1 1.5 4.5 7.7 1.5 3.0 1.5 3.0 1.5 100.0
PLANT LOCATION:
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
_-5 4 4 7.7
5-10 4 1 5 9.6
10-15 1 1 2 4 8 15.4
15-20 1 3 4 7.7
20-25 3 2 2 7 13.6
25-30 1 5 1 2 2 11 21.1
30-3e 3 2 5 9.6
35-40 1 1 2 3.8
40-45 1 3 4 7.7
45-50 0 0.0
50-55 0 0.0
55-60 1 1.9
over 60 91 1.
Total 9 2 3 10 1 7 5 3 6 6 52
Total 17.3 3.8 5.8 19.2 1.9 13.6 9.6 5.8 11.6 11.6 100.0
S UBUR B
101
TABLE XVII
DISTRIBUTION OF ANNUAL INCOME
GROUP $5000 AND OVER BY TIME
AND 00ST FROM CENTRAL CITY
PLANT LOCATION AND FROM SUB*
URBAN PLANT LOCATION
PLANT LOCATION:
COST ZONES IN CENTS PER TRIP
%Of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
0- 5 i _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1.9
5-10 4 4 7.7
10-15 3 3 5.8
15-20 11 2 3_16_30.8
20-25 1 2 5 1 2 11
25-30 1 1 2 4 7.7
30-35 1 1 2 3.8
35-40 3 2 2 7 13.6
40-45 2 2 3.8
45-50 1.9
50-55 0 0.0
55-60 1 1.9
over 60 0 .0
Total 20 5 9 6 5 5 1 1 0 0 52
% of
Total 38.5 9.6 17.3 11.6 9.6 9.6 1.9 1.9 0.0 0.0 100.0
CITY
SUBURBPLANT LOCATION:
COST ZONES IN CENTS PER TRIP
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
-5 1 2.3
5-10 6 1 7 16.0
10-15 3 1 1 1 6 13.6
15-20 1 2 4.5
20-25 5 4 1 1 11 25.0
25-30 1 3 2 6 13.6
30-35 1 2.3
35-40_1 3 1 5 11.4
40-45 0 0.0
45-50 2 2 4.5
50-55 1 1 2.3
55-60 1 1 2 4.5
over 60 0 0.0
Total 10 1 3 6 4 1 3 5 6 5 44
% of
Total 22.7 2.3 6.8 .13.6 9.1 2.3 6.8 11.4 13.6 11.4 100.80
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TABLE XVIII
DISTRIBUTION OF COLLEGE GRADUTES
BY TIME AND COST FROM TED CENTRAL
CITY PL414T LOCATION AND FROM
SUBURBAN PLANT LOCATION
CITYPLANT LOCATION:
COST ZONES IN CENTS PER TRIP
% of'
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
@- 5 0 0.0
5-10 3 3 8.3
10-15 6 6 16.7
15-20 2 10 27.7
20-25 1 1. 2 .1 1 6 16.7
25-30 1 2 3 8.3
30-35 1 2.8
35-40 1 2 14 11.1
40-45 1 2.8
45-50 1 1 2.8
50-55 0 0.0
55-60 1 1 2.8
over 60 0 0.0
Total 16 3 5 4 3 3 1 0 1 0 36
% of. 44.5 8.3 13.9 11.1 8.3 8.3 2.8 0.0 2.8 0,0 100.0
Total
COST ZONES IN CENTS PER TRIP
0-20 20-25 25-30 30-35 35-40 40-45- 45-50 50-55 55-60 over 60 Total Total
Q- 5 0 0.0
5-10 2 1 3 14,3
10-15 1 1 1 3 14.3
15-20 0 0.0
20-25 3 1 4 19.0
25-30 3 2 6 28.6
30-35 1 1 2 9.5
35-40 2 9.5
40-45 0 0.0
45-50 1 4.8
50-55 0 0.0
55-60 0 0.0
over 60 0 0.0
Total 3 1 1 4 2 0 0 4 4 2 21
Total 14.3 4.8 4.8 19.0 9.5 0.0 0.0 19.0 19.0 9.6 100.0
PLANT LOCA TION: SUBUR B
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TABIE XIX
DISTRIBUTION OF TECHNICAL AND
BUSINESS SCHOOL GRADUATES BY
TIME AND COST FROM CENTRAL
CITY PLANT LOCATION AND FROM
SUBERBAN PLANT LOCATION
CITYPLANT LOCATION:
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40.. 40-45 45-50 50-55 55-60 over 60 Total TotaI
6-5 4 4 7.7
5-10 7 7 13.5
10-15 9 17.3
15-20 10 1 11 21.1
20-25 2 2 4 2 10 19.3
25-30 1 1 1.9
30-35 2 1 .3 5.8
35-40 3 3 6 11.5
40-45
45-50 0 0.0
50-55 1 1.9
55-60_______ 0 .00
over 60 0 0.0
Total 32 3 5 5 6 0 0 0 1 0 52
otal 61.6 5.8 9.6 9.6 11.5 0.0 0.0 0.0 1.9 0.0 100.0
PLANT LOCATION:
COST ZONES IN CENTS PER TRIP
%Of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
51 1 2.6
5-10 7 1 8 20.5
10-15 1 1 2 1 1 6 15 4
15-20 1 1 2.6
20-25 2 1 1 1 5 12.8
25-30 1 1 1 3 1 7 17*8
30-35 3 2 5 1248
35-40 0 0-
40-45 1 1 1 3 7.
45-50 1 1 2.6
50-55 0 0.0
55-60 0 0*0
over 60 2 2 5.1
Total 9 1 3 5 2 3 6 4 1 5 39
% of 23.0 2.6 7.7 12.8 5.1 7.7 15.4 10.2 2.6 12.8 100.0
Total IIIIIIII11 
-1
CD
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TABLE XX
DISTRIBUTION OF HIGH SCHOOL
GRADUATES BY TIME AND COST
FROM CENTRAL CITY PIANT AND
FROM SUBURBAN PIANT LOCATION
CITYPLANT LOCATION:
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
0-5 10 10 10.5
5-10 17 17 17.8
.10-15 20 20 21.0
15-20 19 4 1 1 25 26.3
20-25 2 3 1 7 7*4
25-30 1 1 1 1 4 4.2
30-35 4 5 5.3
35-40 2 2.1
40-45 1 1
45-50 1 2 3 3.2
50-55 0 0.0
55-60 0 0.0
over 60 1,1
Total 69 8 3 2 6 2 4 0 0 1 95
72.6 8.4 3.2 2.1 6.3 2.1 4.2 0.0 0.0 1.1 100.0Total
-4
zn
H-
PLANT LOCATION:
COST ZONES IN CENTS PER TRIP
% Of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
5 17 17 19.1
5-10 10 10 11.2
10-15 6 4 4 1 15 16.9
15-20 1 .4 3 1 9 10.1
20-25 1 2 1 1 1 6 6.7
25-30 2 3 4 2 11 12.4
30-35 1 1 2 2 1 7 7.9
35-40 3 4 1 1 9
40-45 1
45-50 3 3 3.4
50-55 1 1
55-60
over 60 0 0.0
Total 34 5 8 8 5 7 8 2 5 7 89
otal 38.4 5.6 9.0 9.0 5.6 7.9 9.0 2.2 5.6 7.9 100.0
00
HL
E-q
H
H
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TABLE XXI
DISTRIBUTION OF WORKERS WITH
SOME HIGH SCHOOL BACKGROUND
BY TIME AND CCST FROM CENTRAL
CITY PLANT LOCATION AND FROM
SUBIRBAN PLANT LOCATION
CITYPLANT LOCATION:
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
0-5 6 6 10.9
5-10 12 12 21.9
10-15 12 12 21.9
15-20 8 4 2 14 25.4
20-25 1 1 2 3.6
25-30 1 2 3 5.5
30-35 0 0,0
35-40 0 0.0
40-45 1 1 2 3.6
45-50 2 2 3.6
50-55 0 0.0
55-60 1 1 2 .,6
over 60 0 0.0
Total 40 5 2 2 0 1 3 1 1 0 55
otal 72.8 9.1 3.6 3.6 0.0 1.8 5.5 1.8 1.8 0.0 100.0
SUBURBPLANT LOCATION:
COST ZONES IN CENTS PER TRIP
% of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
0-5 5 5 10.9
5-10 7 7 15.2
10-15 1 3 4 8.7
15-20 1 2 3 6.5
20-25 3 1 1 5 10.9
25-30 1 2 2 1 2 8 17.4
30-35 2 1 1 4 8.7
35-40 4 1 5 10.9
40-45 1 1 2 4.3
45-50 0 0.0
50-55 0 0.0
55-60 1 2 4.3
over 60 1 1 2.2
Total 12 0 2 9 3 5 6 1 4 4 46
% of 26.1 0.0 4.3 19.6 6.5 10.9 13.0 2.2 8.7 8.7 100.0
Total
111
TABLE XXII
DISTRIBUI'ION OF WORKERS WITH 8
OR FEWER GRADES OF SCHOOLING BY
TIME AND COST FROM CENTRAL CITY
PLANT LOCA TION AND FROM SUBURBAN
PLANT LOCATION
COST ZONES IN CENTS PER TRIP
% of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
5 6 6 17.1
5-10 9 9 25.7
10-15 6 6 17.1
15-20 5 5 14.3
20-25 1 1 2.9
25-30 2 2 5.7
30-35 1 2 3 8.6
35-40 1 2 5.7
40-45 0 0.0
45-50 1 1 2.9
50-55 0 0.0
55-60 0 00
over 60 0.0
Total 27 0 0 1 3 2 0 1 1 0 35
otal 77.0 0.0 0.0 2.9 8.6 5.7 0.0 2.9 -2.9 0.0 100.0T.otal
GITYPLANT LOCATION:
PLANT LOCATION: SUBURB
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
53 3 9.7
5-10 2 2 6.5
10-15 1 197
15-20 0 0.0
20-25 1 2 1 1 5 16.1
25-30 3 2 1 6 19w4
30-35 5 2 7 22.5
35-40 1 1 1 3 9.7
40-45 1 1 3.2
45-50 1 3.2
50-55 0 0.0
55-60 0 0.0
over 60 0 0.0
Total 6 0 1 2 2 3 8 4 1 4 31
% of .4 0.0 3.2 6.5 6.5 9.7 25.7 12.9 3.2 12.9 100.0
Total I I I I I I I I I I
TABLE XXIII
DISTRIBUTION OF SINGLE PERSCN
FAMILIES BY TIME AND COST FROM
CENTRAL CITY ?IANT LOCATION AND
FROM SUBURBAN PLANT LOCATION
CITYPLANT LOCATION:
COST ZONES IN CENTS PER TRIP
% of'
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
_5 7 7 9.3
5-10 20 20 26.7
10-15 13 13 17.3
15-20 14 1 1 1 17 22.7
20-25 2 4 1 7 9.3
25-30 2 2 5 6.7
30-35 2 2 4 5.3
35-40 2 2.7
40-45 0 0.0
45-50 0 0.0
50-55 0 0.0
55-60 0 0.0
over 60 0 0.0
Total 58 5 4 4 4 0 0 0 0 0 75
Total 774 6.7 5.3 5.3 5.3 0.0 0.0 0.0 0.0 0.0 100.0
PLANT LOCATION: SUBURB
COST ZONES IN CENTS PER TRIP
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
0-5 10 10 19,2
5-10 6 6 11,5
10-15 3 2 2 1 1 9 17.3
15-20 1 1 1 3 5 8
20-25 1 1 1.9
25-30 2 1 2 2 7 13.5
30-35 1 1 1 3 1 7 13.5
35-40 2 1 1 4 7W8
40-45 1 1 1,9
45-50 2 2 3 *-8
50-55 
_0 0.0
55-60 1 9
over 60 9
Total 20 2 3 5 2 2 5 5 1 7 52
%o
Total 38.5 3.8 5.8 9,7 13.8 3.8 9*7 19*7 1.19 13.5 100.0
fr~
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TABLE XXIV
DISTRIBUTION OF TWO PERSON
FAMILIES BY TIME AND COST FROM
CENTRAL CITY PIANT LOCATION AND
FROM SUBURBAN PLANT LOCATION
CITY
PLANT LOCATION:
COST ZONES IN CENTS PER TRIP
% of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Tota1 Total
_5 5 5 6.8
5-10 14 14 19'2
10-15 14 14 19.2
15-20 11 4 1 16 22.0
20-25 4 1 1 6 8.2
25-30 2 2 2.7
30-35 1 1 2 4 5.5
35-40 2 3 4.1
40-45 1 1 2 2.7
45-50 4 1 5 6.8
50-55 1 1.4
55-60 1.4
over 60 0 0.0
Total 48 4 2 3 4 3 5 1 3 0 73
% of
Total1 65.8 15.5 12.7 14.1l 5.5 14.11 6.8 1.4 14*. 1 0.0 1 0040
COST ZONES IN CENTS PER TRIP
% of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
_-5 7 7 10.4
5-10 14 14 20.9
10-15 5 4 3 12 17.9
15-20 2 2 4 6.0
20-25 4 1 2 1 1 9 13.4
25-30 1 3 4 1 1 2 12 17.9
30-35 1 1 2 3.0
35-40 2 2 1 5 7.5
40-45 0 0.0
45-50 0 0.0
50-55 0 0.0
55-60 1 1 2 3.0
over 60 0 0.0
Total 26 0 6 9 2 3 9 2 5 5 67
Tof 38.7 0.0 9.0 13.4 3.0 4.5 134 3.0 7.5 7.5 10090Total
CD
SUBURBPLANT LOCATION:
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TABLE XXV
DISTRIBUTION OF 3-PERSON FAMILIES
BY TIME AND COST FROM CENTRAL CITY
PLANT LOCATION AND FROM SUBBRBAN
PLANT LOCA TION
CITY
PLANT LOCATION:
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
_ _5 5 5 9.4
5-10 9 9 17.0
10-15 10 10 ~ 19
15-20 10 15 28.2
20-25 2 3 1 1 7 13.2
25-1 1 2 3.8
30-35 0 0.0
35-40 13 5 7
40-45 119
45-50 119
50-55 0 0o.
55-60 0 0n0
over 60 0 040
Total 34 7 4 3 2 1 2 0 0 0 53
Tot 1 64.1 13,2 7.5 5.7 3.8 1.9 3.8 0.0 04.0 0,0 100,0
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
_ - 5 3 3, 6.1
5-10 3 3 6 1
10-15 2 1 1 2 6 12 3
15-20 1 1 1 3 6.1
20-25 1 1 3 2 1 8 16.3
25-30 1 3 4 2 10. 20.5
30-35 2 2 2 6 12.3
35-40 1 1 1 2 5 10(2'
40-45 1 2.0
45-50 3 3 6.1
50-55 0 0.0
55-60 0 0.0
over 601 1 2.0
Total 8 2 2 5 6 8 4 4 3 7 49
ot 16.3 4.1 4.1 10.2 12.3 16,3 8,3 8,3 6.1 14,4 100.0
SUBURBPLANT LOCATION:
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TABLE XXVI
DISTRIBUTION OF FOUR PERSON
FAMILIES BY TIME AND COST
FROM CENTRAL CITY PLANT LO-
CATION AND FROM SUBURBAN
TLANTLOCATION
CITYPLANT LOCATION:
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
0-5 4 4 8.9
5-10 3 3 6.7
10-15 12 12 26.7
15-20 8 1 2 11 24.4
20-25 1 1 1 3 6.7
25-30 1 1 3 6.7
30-35 - 2 4.4
35-40 1 3 4 8.9
40-45 1 1 2.2
45-50 1 2.2
50-55 0 0.0
55-60 1 2.2
over 60 0 0.0
Total 28 3 3 2 5 2 1 0- 1 0 45
% O1 62.3 6,.7- 6.7 4.4 11.1 4.4 2.2 0.0 2.2 0.0 100.0
Total I__ _ _ _ _ __ __ I_ _ _ I_ _ _ I_ __ 1 _ __ 1__ __ __ _ _ _ _ _ __ _ _ _ _
PLANT LOCATION:
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total TotaI
_-5 3 3 7.a
5-10 3 1 1 5 12.2
10-15 1 1 2 4.9
15-20 1 1 1 3 7.3
20-25 4 1 1 6 14,7
25-30 2 2 1 1 6 14*7
30-35 6 2 8 19.5
35-40 2 2 4.9
40-45 1 1 1 3 7.3
45-50 11 2.4
50-55 1 2.4
55-60 0 0.0
over 60 1 1 2.4
Total 6 2 3 5 1 4 8 3 4 5 41
Tof 14,7 4.9 7.3 12.2 2.4 9.8 19.5 7.3 9.8 12.2 100.0
Total 1 1
SUBURB
TABLE XXVII
DISTRIBUTION OF 5 OR -MORE PERSON
FAMILIES BY TIME AND COST FROM
CENTRAL- CITY PILANT LOCATION AND
FROM SUBURBAN PLANT LOCATION
CITY
PLANT LOCATION:
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
5 5 18.5
5-10 2 2 7.4
10-15 4 4 14.8
15-20 5 6 22.3
20-25 1 2 3 11.1
25-30 1 1 3.7
30-35 1 1 2 7.4
35-40 1 1 2 7.4
40-45 0 0.0
45-50 0 0.0
50-55 0 0.0
55-60 1 1 3.7
over 60 1 1 3.7
Total 16 0 2 2 3 2 0 1 0 1 27
%o59.3 00 7.4 7.4 11.1 7.4 0.0 3.7 0.0 3.7 100,0
Total
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
-5 3 3 15.8
5-10 2 2 10.5
10-15 2 10.5,
15-20 1 5.4
20-25 1 1 2 10.5
25-30 1 2 3 15.8
30-35 1 1 2 10.5
35-40 2 2 10,5
40-45 2 2 10.5
45-50 0 0.0
50-55 0 0.0
55-60 0 0o0
over 60 0 0.0
Total 5 1 0 4 3 0 3 1 2 .0 19
% of 26.2 5.4 0.0 21.1 15.8 0.0 15.8 5.4 10.5 0.0 100.0
Total
SUBURBPLANT LOCATION:
TABLE XXVIII
DISTRIBUTION OF AGE GROUP 20-29
BY TIME AND COST FROM CENTRAL
CITYPTLANT LOCATION AND FROMI
SUBURBAN PLANT LOCATION
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
5 7 7 10.6
5-10 19 19 28.8
10-15 14 14 21.3
15-20 1 i 1 1 12 18.3
20-25 1 1 1.5
25-30 2 1 3 4.5
30-35 1 2 3.0
35-40 1 2 3 4.5
40-45 2 2 3.0
45-50 2 2 3.0
50-55 1 4.5
55-60 _ 0 0.0
over 60 0 0.0
Total 50 1 3 4 3 0 4 0 1 0 66
% of 75.8 1.5 4.5 6.1 4.5 0.0 6.1 0.0 1.5 0.0 100.0
Total I
CITYPLANT LOCATION:
SUBURB
PLANT LOCATION:
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Tota1
5 10 10 16.4
5-10 10 10 16.4
10-15 4 1 1 1 7 11.5
15-20 1 1 2 1 5 8.2
20-25 3 1 4 6.5
25-30 3 3 2 1 1 1 11 18.0
30-35 2 1 3 1 7 11.5
35-40 3 1 1 5 8.2
40-45 0 0.0
45-50 2 2 3.3
50-55 0 0.0
55-60 0 0O.0
over 60 0 0.0
Total 25 1 2 9 3 2 7 4 3 5 61
oal 41.0 1.6 3.3 14.8 4.9 3.3 11.5 6.5 4.9 8.2 100.0
(
,GI~I
125
TABLE XXIX
DIS.TRIBUTION OF AGE GROUP 30-39
BY TIME AND COST FROM CENTRAL
CITY PLANT LOCATION AND FROM
SUBURBAN PLANT LOCATION
CITYPLANT LOCATION:
COST ZONES IN.,CENTS PER TRIP
% of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
5 9 9 9.6
5-10 13 13 13.8
10-15 20 20 21.3
15-20 18 7 2 27 28.7
20-25 1 3 2 9 9.6
25-30 1 3 1 5 5.2
30-3 1 1 3 3.2
35-40 1 2 3 3.2
40-45 0 0.0
45-50 1 2 3 3.2
50-55 0 0.0
55-60 1 1.1
over 60 1
Total 62 10 6 5 6 1 2 0 1 1 94
% of
Total 66.0 10.6 6.4 5.2 6.4 1.1 2.1 0.0 1.1 1.1 100.0
SUBURBPLANT LOCATION:
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
6 6 8.0
5-10 13 13 17.3
10-15 4 3 4 4 1 16 21.3
15-20 1 2 3 4.0
20-25 2 2 -2 1 7 9.3
25-30 3 4 4 1 12 16.0
30-35 1 3 1 5 8.7
35-40 3 2 6 8.0
40-45 1 1 2 2.7
45-50 2 2 2.7
50-55 0 0.0
55-60 0 0.0
over 60 3 3 4.0
Total 23 3 5 8 5 8 9 3 4 7 75
% of 30.6 4.0 6.7 10.7 6.7 10.7 12.0 4.0 5.3 9.3 100.0
Total__ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
1?7
TABLE XXX
DISTRIBUTION !OF AGE GROUP 40-49
BY TIME AND COST FROM CENTRAL
CITY PLANT LOCATION AND FROM
SUBURBAN PLANT LOCATION
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Tota l
-_5 _ 6 _6 10.2
5-10 5 5 8.5
10-15 11 11 18.5
15-20 9 2 2 13 22.0
20-25 3 2 1. 2 8 13.6
25-30 1 2 3.4
30-35 1 2 1 5 8.5
35-40 2 2 1 1 6 10.2
40-45 1 1.7
45-50 0 0.0
50-55 0 0.0
55-60 12 3.4
over 60 0 0.0
Total 35 4 3 4 6 3 1 1 2 0 59
Total 59.2 6.8 5.1 6.8 10.2 5.1 1.7 1.7 3.4 0.0 100.0
P.4H
H
H
CITYPLANT LOCATION:
PLANT LOCATION: SUBTRB
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
5 5 5 12.5
5-10 4 4 10,00
10-15 1 1 2 4 10.0
15-20 1 2.5
20-25 3 2 1 6 15.0
25-30 1 1 2 1 2 7 17.5
30-35 3 1 1 12.5
35-40 3 3 7.5
40-45 2 3 7.5
45-50 1 1 2.5
50-55 1 1 2.5
.55-80 0.
over 60 0 0.0
Total 10 1 3 4 3 2 7 2 4 4 40
Total 25.0 2.5 7.5 10.0 7.5 5.0 17.5 5.0 10.0 10.0 100.0
I."
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TABLE XXXI
DISTRIBUTION OF AGE GROUP 50 AND
OLDER BY TIMJE AND COST FROM CENTRAL
CITY IANT LOCATION AND FROM
SUBURBAN PLANT LOCATION
CITY
PLANT LOCATION:
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
5 4 4 7.8
5-10 9 9 17.6
10-15 8 57
1,5-20 11112 23.6
20-25 2 2 4 
__15.7
25-30 1 1 3 5.9
30-35 12
35-40 1 1 2 3.9
40-45 1 1 2.0
45-50 1 1 2 3.9
50-55 0 0.0
55-60 .0 0.0
over 60 0 0.0
Total 34 4 4 1 3 3 1 1 0 0 51
66.6 7.8 7.8 2.0 5.9 5.9 2.0 2.0 0.0 0.0. 100.0
PLANT LOCATION:
COST ZONES IN CENTS PER TRIP
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
0-5 4 4 8.3
5-10 2 2 4.2
10-15 1 1 2 4 863
15-20 2 1 1 4 8.3
20-25 3 2 1 1 1 8 16.7
25-30 3 1 1 1 2 8 16.7
30-35 1 4 3 8 16.7
35-40 1 2 1 4 8.3
40-45 2 2 4.2
45-50 1 1 2.1
50-55 0 0.0
55-60 1 2 3 6.2
over 60 0 0.0
Total 7 0 3 6 3 5 6 6 4 8 48
% of
Total 14.7 01.1 6.2 112.5 16.2 10.4 12.5 12.5 8.3 16.7 100.0
0
SUBURB
TABLE XXXII
DISTRIBUTION OF PRIMARY WORKERS
BY TIME AND COST FROM CENTRAL
CITY LOCATION AND FROM SUBURBAN
PLANT LOCATION
CITY
PLANT LOCATION:
COST ZONES IN CENTS PER TRIP
% Of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
_-5 21 21 9.2
5-10 34 . 34 14.9
10-15 44 44 19.4
15-20 43 9 4 1 57 25.0
20-25 5 6 7 1 4 23 10.1
25-30 2 1 3 4 2 12 5.3
30-35 3 4 3 1 11 48
35-40 4 7 2. 14 6.1
40-45 2 1 3 1.3
45-50 1 3 1 5 2.2
50-55 1 0.4
55-60 2 0.9
over 60 1 0.4
Total 149 16 14 13 17 8 5 2 3 1 228
Total 65.5 7.0 6.1 5.7 7.4 3.5 2.2 0.9 1.3 0.4 
100.0
PLANT LOCATION:
COST ZONES IN CENTS PER TRIP
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
0-5 20 20 10.2
5-10 24 1 1 26 13.4
10-15 7 5 5 7 1 25 12.8
15-20 1 4 3 1 1 10 5.1
20-25 11 5 3 2 1 2 24 12.2
25-30 3 6 8 7 3 4 3 34 17.3
30-35 1 2 9 8 1 1 22 11.2
35-40 7 1 5 3 16 8.2
40-45 2 3 2 7 3.6
45-50 5 5 2.5
50-55 1 0.5
55-60 1 2 3 1.5
over 60 3 3 1.5
Total 52 6 10 24 12 15 26 15 14 22 196
Total 26.6 3.1 5.1 12.3 6.1 7.6 13.4 7.6 7.2 11.2 100.0
SUBURB
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TABIE XXXIII
DISTRIBUTION OF SECONDARY WORKERS
BY TIME AND COST FROM THE CENTRAL
CITY PIANT LOCATION AND FROM SUB-
URBAN PIANT LOCATION
CITY
PLANT LOCATION:_ ___ _
COST ZONES IN CENTS PER TRIP
%of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Total Total
_-5 5 5 11.1
5-10 14 14 31.2
10-15 9 9 20.0
15-20 5 2 1 8 17.8
20-25 2 1 3 6.7
25-30 1 1 2.2
30-35 1 1 2.2
35-40 0 0.0
40-45 1 2.2
45-50 2 2 4.4
50-55 0 0.0
55-60 1 1 2.2
over 60 0 0.0
Total 35 3 1 1 1 0 3 0 1 0 45
ot1l 77.8 6.7 2.2 2.2 2.2 0.0 6.7 0.0 2.2 0.0 100.0T o t a l____________ 11_____________ 1______________ 1_____________ 1_____________ 1 1 1 1 1 / 11 1______
COST ZONES IN CENTS PER TRIP
% of
0-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 over 60 Tot 1 Total
_5 6 6 20.0
5-10 4 4 13.4
10-15 3 3 6 20.0
15-20 1 2 3 10.0
20-25 1 1 3,03
25-30 1 1 1 1 4 13,3
30-35 1 2 3 10.0
35-40 2 6.7
40-45 0 0.0
45-50 1 3.3
50-55 0 0.0
55-60 0 0.0
over 60 0 060
Total 13 0 4 3 2 2 3 0 1 2 30
Tota 43.3 0.0 13.4 10.0 6.7 6.7 10.0 0.0. 3.3 6.7 100.0
PLANT LOCA TION: S UBUR B
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TABLE XXXIV
COMPARATIVE MOBILITY POTENTIALS AND ABILITIES TO MOVE
OF WORKERS WHO CHANGED THEIR PLACE OF RESIDENCE VS.
WORKERS WHO MAINTAINED THE SAME PLACE OF RESIDENCE
WORKERS WHO MOVED:
MOBILITY POTENTIAL
0 1 2 31 4 5 Totals
0 0 0 0 0) 0 0 0)
1 1 1 1 0 1 0 4
0. 1 2 3 2 4 12
3' 0 0 1 5 4 5 15
4 0 0 0 1 2 1 4
5 0 0 0 0 1 3 4
6 0, 0 1 0 0 0 1
Tot- 1 2 5 9 10 13 40
als
WORKERS WHO DID NOT MOVE:
MOBILITY POTENTIAL
0 1 2 3' 4 5 Totals
0 0 0 0 04 0 0 01
1 2 1 4 2 2 2 13
2 1 0 3 7 11 9 31
3 3 1 12 4 9 9) 38
4 1 0 1 4 5 2 13
5 0 0 03 1 3 0 4
1 0 5; 2 1 0 9
3 25 20 31 22 109)Tot-
als
Socio-
Economic
Status
Soc io.-
Economic
Status
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